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ORDERS AND LETTER OF TRANSMITTAL. 



Navy DepabtiIient, 

Washingtanj June 2, 1884. 

Sib: It is believed that the interests of the naval service can be 
materially advanced and much valuable information obtained by send- 
ing a competent naval constructor to Europe to make a tour of the 
dock-yards of England, France, Germany, and Italy, for the purpose of 
observing personally the improvements in naval architecture, particu- 
larly in the construction of steel vessels of war. 

The Department has selected you for this special service, and you will 
proceed to New York, and thence by steamship to England, and make the 
best and most profitable.nseof your time in visiting the important (Govern- 
ment and private dock-yards, first obtaining permission from the appro- 
priate authorities in each case, and examining the improved classes of ves- 
sels completed, ot in process of construction. Tou will closely observe the 
arrangements and tools for shipbuilding, and the fact that the navy- 
yards of the United States may in the near future require to be fitted 
with the most modern tools and appliances for steel-ship construction 
makes it important that yon should give considerable attention to that 
subject, collecting such information on this, and all other matters con- 
nected with your branch of the service, as you can with propriety. 

Tou will carefully note all your observations, and on your return to 
the United States, which should not be later than October of this year, 
you will make a general report of the results of your visit. 

You are desired to acquaint our ministers to England, France, Ger- 
many, and Italy, as well as all other representatives of the United 
States at the places you may officially visit, with the object of your 
tour, and ask their kind offices in aiding you as far as possible in secur- 
ing admission to the establishments which it may be desirable to visit, 
and such facilities as can be conveniently and properly extended. 

Your actual expenses -will be allowed while absent from the United 
States in carrying out these instructions, and you will keep an accurate 
account of your expenses, taking vouchers where you can conveniently 
obtain them, and render an account to the Fourth Auditor of the Treas- 
ury on your return. 

Very respectfully, 

WM. E. CHANDLER. 

Secretary of the Navy. 

Naval Constructor Philip Hiohbobn, U. S. N., 

Navy-Yardj League Islandj Pa. 
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Navy Department, 
Bureau of Construction and Repair, 

Washingtonj June 2, 1884. 
Sir : The honorable Secretary of the Navy has sent your orders to 
the Bureau, for its information, with instructions to forward them to 
you, which duty the Bureau performs with pleasure, believing that you 
will execute the duty imposed upon you with credit to yourself and 
profit to the naval service. 

Wishing you a pleasant and successful trip and a safe return, I am, 
very respectfully, your obedient servant, 

T. D. WILSON, 

Chief of Bureau. 
Naval Constructor P. Hichborn, U. S. N., 

Navy- Yard, League Island^ Pa. 



Navy Department, 
Bureau op Construction and Repair, 

Washington^ D. 0., June 9, 1884. 
Sir: While abroad, the Bureau requests that whenever it is possible 
to obtain plans and specifications of vessels of modern type, whether 
as a whole or of any details, together with photographs of work in de- 
tail, or vi3SseU completed, showing their fittings, &c., you will make 
arrangements to have them sent to the American dispatch agent for 
payment and transmission to the Bureau ; or, if you deem it best, you 
can communicate with the Bureau and let it order them direct. 

Ton should gather all information possible relative t>o improved tools 
for steel and iron ship-building, getting plans of tools when possible to 
do so, even though they may have to be purchased, and obtaining all 
the illustrated circulars with prices that you can. Should you have 
an opportunity so to do, ascertain the number and kinds of tools used 
in the best-fitted dock -yards, both public and private, in the several 
countries you will visit, and somewhere near the value of such a com- 
plete plant. Such tools as can only be had by manufacturing them to 
order, you will ascertain the price at which they can be contracted for, 
and the time required to prepare and ship them. 

There will undoubtedly be many things that you will see in the course 
of your travels which it would be to the best interests of the Bureau to 
have, or to know where to obtain. In this matter the Bureau relies 
upon your known good judgment to decide what is best to be done, 
without losing time by having to communicate with it. 
Very respectfully, &c., 

• T. D. WILSON, 

Chief of Bureau. 
Naval Constructor Philip Hichborn, U. S. N. 



Navy Department, 
Wa^hington^ August 16, 1884. 
Sir : The Department's order of June 2 last, directing you to make a 
tour of the dock-yards of England, Germany, and Italy, are so modified 
that you will proceed to Russia in place of Italy ; and, on your return, 
you will avoid the cholera districts as much as possible. 

Very respectfuUy^ WM. E. CHANDLER, 

Secretary of the NoAoy. 
Naval Constructor Philip Hichborn, U. S, N., 

London^ Ungland. 



I-ETTER OP TBANSMlTTAIi. 

WashingUmy October 12, 1886. 

Sib : In obedience to the foregoing orders, I have completed a tour 
of some of the principal public and private dock-yards of Europe, and 
respectfally submit the following report : 

'After arriving in Liverpool and visiting the docks, which constitute 
the most interesting feature of the second city of Great Britain, I 
proceeded to London, and studied the sbip-bnilding industry of the 
Thames. 

While my application to visit Her Majesty's dock-yards was being 
forwarded, I went to Sheffield and saw the manufacture of compound 
armor, as produced by the systems of Cammell and Brown. I then 
visited Newcastle and the private works on the Tyne. 

Glasgow, was my next center of observation, and in the body of my 
report will be found the result of numerous visits to the yards of the 
Glyde, and to the leading makers of ship-building tools in that district. 
I next crossed to Belfast, Ireland, and saw the fine yard of Messrs. Ear- 
land & Wolff, and then proceeded through Wales to Pembroke, and 
returned to London, stopping in succession at the several dock-yards of 
Devonport, Keybam, and Portsmouth. 

After visiting Chatham anc. Sheerii(;63, 1 '^parted for the Continent, 
and visited the German establishment at Kiel, and thenco proceeded to 
St. Petersburg. I came back by way of Paris, examining there the ex- 
cellent naval collection of the Louvre, and devoting some attention to 
the system of education for naval constructors in the Ecole Polytech- 
nique. Lorient, Brest, and Cherbourg were then visited, and I returned 
to England and then to the United States. 

At the suggestion of the Bureau, and by the politeness of the Hon, 
Secretary of the Navy, Draftsman F. B. King was ordered to report 
to me for duty in connection with my tour. Since my return he has 
been of great assistance to me in the preparation of my report ; and 
has performed his duties, both at home and abroad, to my entire sat- 
isfaction. His services in the future will be of much valu-e to the Gov- 
ernment from the knowledge gained. 

In conclusion, it gives me great pleasure to recur to the courtesies 
received from many sources during this tour, which have added greatly 
to its enjoyment, and, I trust, to its usefulness as well. Of these at- 
tentions, so numerous and kind, I prefer to mention none in particular ; 
because I should inevitably omit many deserving my most sincere ac- 
knowledgment. I found in every country which I visited, the most 
gratifying respect awarded to our njitional character, and a disposition 
to forwani my professional labors, which I shall long remember as 
one of the most pleasant features of the tour. 

I have, sir, the honor to subscribe myself your obedient servant, 

PHILIP HIGHBORN, 
Naval Constructor, U. S. Navf. 

Chief Constructor Theodobe D. Wilson, U. S. N., 

Naiyy I>epartment, WnslUngUmy D. CU 



NATIONAL DOOK-YARDS 



GREAT BRITAIN. 

The home dock-yards of Great Britain are Chatham, Sheerness, Ports- 
mouth, Devonport and Keyham, and Pembroke. Some of these yards 
have been laid out under great engineering difficulties and at enormous 
expense, notwithstanding the fact that much of the labor, such as re- 
clamation and brick-making, has been done by convicts. The total 
vahie of the above named yards was returned on March 31, 1884, at 
$63,684,570, under the following heads: Land, $2,324,72o ; buildings, 
including slips, basins, storehouses, and shops, $55,121,700; machinery 
(plant), $6,238,145. To this should be added timber and other ma- 
terial for ship-building and the outfit of vessels, amounting to about 
$12,000,000, making a grand total of $75,000,000 represented in the dock- 
yards alone. About 18,000 men were employed throughout the year, 
and their average pay per day was $1.03. 

The policy of the British Admiralty is to utilize the yards to their 
fullest extent ; and, while all the machinery for the ships is supplied by 
private firms, nearly two-thirds of the ship-building and all the repairs 
are done at the national yards. The total sum expended in the fifteen 
years between April 1, 1869, and April 1, 1884, upon new building and 
repair of vessels of the royal navy aggregates $179,649,625, to which add 
$37,745,650 for incidental and establishment charges, making a grand 
total of $217,395,275, or twenty-eight one hundredths of the total 
naval appropriation during the same^period. Of this armored ves- 
sels built in dock- yards aggregated $46,078,105; unarmored vessels, 
$29,219,010, against contract built at $21,035,290 and $23,115,285 re- 
spectively ; thus indicating that while $44,150,675 were expended on 
contract work, $173,244,700, or four-fifths of the sum appropriated for 
building and repairs was alloted to the dock-yards. 

PEMBROKE DOCK-7ARD. 

(Barbette ships Anson and Howe; partially protected cruisers Jliames and Forth,) 

The best adapted of the British dock-yards for building operations is 
Pembroke. It comprises 77 acres, and has eleven building slips, which 
are covered by substantial ship-houses. Having but one dock, no basins, 
and few shops and stores, it is not a fitting-out yard, and can only be 
rendered so at very great expense. Vessels built there usually go to 
Plymouth, Portsmout^h, or Chatham to complete. 

THE ANSON. 

Two ships of the British Admiral class, the Anson and the Howe, were 
under construction at the time of my visit. Both were well advanced, 
and the latter was being made ready for launching. 

9 



^^ EUROPEAN DOCK-YARM*. 

^he Anson is 330 feet long, 68 feet 6 inches beam,, and 26 feet 2 incBes- 
hold. Her displacement w ill be 10,000 tons on a load draught of 26 feet 
9 inches. The engines are vertical, turning-twin screws, and will in- 
dicate 7,500 horse-power, and be ca])able of developing with forced 
draft 9,500 horse jvower and a 8|ieed of 16 knots. She will carry four 
ISJ-inch 63-ton B. L. R. guns, disposed in two barbettes, one placed for- 
ward and the other aft. The barbettes are pear-shaped, and between 
them extends a superstructure in which six 64nch guns are mounted. 
The ends of the superstructure are protected by 6-inch compound ar- 
mor, but the sides are uupix)tected. The barbettes are built up of sec- 
tions of steel-faced armor from 12 to 14 iaehes in thickness, placed at 
a large inclination from a vertical line. 

The armor on the water-line and citadel is 18- and 16> inches in thick- 
ness, ver the citadel an armor deck finches in thickness extends,. 
and over the forward and after parts of the ship* there i&a similar deck 
2^ inches thick. Armored tubes, or trunks, 12 inches thick and about 
7 feet in diameter, connect the barbettes with, the spaces below this 
deck and protect the hydraulic elevators by which ammunition is passed 
up to the large guns. In addition to the armament already mentionexl^. 
twelve 6-pounder quick-firing shell gnns^ eight Nordenfeldts, and two 
Gardner guns will be carried; there will also be twelve Whitehead tor- 
pedoes, which are to be discharged from four torpedo ports on the 
main deck. The coal capacity is 1,200 tons,, and the estimated cost is 
je581,000, 

• THE HOWE. 

The Howe is of slightly smaller dimensions than the Vinson. Her 
length 18 325 feet; breadth, 68 feet; and the displacement 9,700 tons 
on a draught of 26 feet 9 inches. The armament and indicated horse- 
power are identical in the two ships. They are built wholly of steel, 
and the same plan of construction is carried out in both. * 

The frame may be divided into five portions : That forward and abaft 
of the double bottom, which is comparatively simple and resembles that 
of an ordinary merchant ship; that within the double bottom; that ex- 
tending from the wing-plate of the double bottom to the armor shelf; 
that in the wake of the armor ; and that above the armor. 

Within the double bottom a series of longitudinals extend uninter- 
ruptedly forward and aft, cutting off all the frames and reverse bars. 
In constructing this portion the brackets and plate frames are built out, 
section after section, their outer ends resting temporarily upon ribands, 
by^ which the shape is retained until the longitudinals are inserted and 
rivetted up. 

Forward and abaft the double bottom the longitudinals taper into 
ordinary keelsons, and the frames are of Z-bars, 6"X'3J"x3"xl4 
pounds, spaced 3 feet apart. Within the water bottom the frame space 
is 4 feet. From the wing plate to the armor shelf there are deep web 
frames, spaced 4 feet apart, and- in the wake of the armor Z-bars 
10''x3ix3J"x20 pounds are used at intervals of 2 feet. Above the 
side armor the principal frames are 7" x 3" x 12-pound angles, 4 feet 
apart, with an intermediate frame 4"x3"x8 pounds. 

The armor deck is constructed with a flat portion in the center, from 
which it descends with a very gentle slope to the sides and lands on the 
armor, to which it is securely tapped. Forward and abaft of the side- 
armor the deck, maintaining the same cross-section, descends to the ram 
and the stern-post, and attaches to the side plating atthe edges by two* 
stout angles, one above and one below,. both legs of. the angles beings 



10 



EU 

¥he Anson is :^'^>-^ 
hold. Herdi^ 
9 inches.^ 
dicate 



\my^ 




a i 



J.. .♦ ■/•' 1. .-« 

. 1 ^' • . ^j'm^ V. .!i •■» - 
.-, ' -" '!i In ,- ,:. 

». ■ .' iM.iii : ij - 

n I ' • "* , |M<t« \ y\ • » 
.'.11(1 i :i«*< in 1 1.". I 

ill tlii .!• > rMcliH-- 

• 5 ill I " • • iinl.:i iln-iv 

^i.cli<-> ti V .«Ii<l :ih.'Ur 

' i'c ^.« ■ s lr«;o\\ ilii^ 

" ; .1"' '•'! IN j».{.^>«'.l 

• • * al! M V iM- iitir-MM|. 

^«»j it -li' *s, ami t\M! 

xv.'i » '• ^■ .• \\K\v\ tor- 

••'iptMi' . • : s Oil t !•♦» 

• 'H :• «1 <''><T' l.s 





• m t].< 


.'..u-. IK 




. ..^ •#. . 


* *».*i 'O 'on ^ 




.:iul tlj.. 


■:l\ oi" sttM-", 




• •.)r- 






at 1' I .^ 
• a:. ; ' 


.:•! .1! (1 a a'* 




.1 tlj'- 


ai '\^K\\ nIj- \\ • 




• . . .s r N 


1 .•'. 1.? ', in 


J.I.' ■ 


' ai.ti 


1, ^•^•»•M' i),il> 


• I > «' 


•ra> '.\ 


■ "li 1 .bcill'lN. 


■■I *• ' 


i.-iis aif 


in<i 1 n u ami 


■ tir 


,M !h.' 


'- J ■]• 1 V I 


. Ml .• 


. •• 


•'• ■. ■'" X I-. 


»■ 'Am! 


."r. ■ • 


niu» »^' u .• 


.^iiur ' 


.!( 11 


.f.' .|. • • « 


.'•' \\,. 




I. »»>oj V 1> •: V 



.it i. ^ a III l" ••■5.*i'i . t'l.*..' 

•m i.» 1 . •<«.- ,: .A la. «.^ ■«' . ::•- 

• • vv p . , 'I a' all 'f llu- '•: 

••» »» .s.-i I !<'a. <hs«T ;'l> lo t In- r.ii'; 

'• -.:'.■ !>': '»' j: ai III*- 'mUm ^ t»y i a t 




o 



9 

-^ 



X 




EUROPEAN DOCK- YARDS. 11 

double rivetted. With a view to making the plating below this deck: 
secure from injuries which may occur to the parts above, the plating is 
cut off, in the wake of the armor deck, and a strip of steel about 3 inchea 
in width is inserted. 

A multiplicity of water-tight compartments is a conspicuous feature 
in these vessels, there being sixteen in the double bottom ; and, in ad- 
dition to numerous athwartship bulk-heads, a longitudinal center bulk- 
head, running through the middle of the ship and rising to a height of 6 
feet 6 inches above the water-line. 

I found the Howe suflSciently advanced to receive some of her joiner 
work. With a view to making the skin of the ship perfectly accessible 
from the inside, the ceiling was being worked in panels and secured by 
screws in such a way that the interior can easily be inspected. 

The weight of hull, including armor and backing, is 6,640 tons for 
the Anson, and 6,;^30 for the Howe, and the estimated cost of hull and 
fittings is £476,000 for the former and £440,000 for the latter, or about 
£70 per ton of weight. 

THE THAMES. 

The Thames and Forth, twin screw protected cruisers of the Mersey 
class, which latter is a development of the Leander in the direction of ad- 
ditional protection, were also building here. They are of 3,550 tons dis- 
placement, 6,000 indicated horse-power, and will carry two S-inch 13-ton 
and ten 6-inch guns, all breech-loaders. There are also a number of ma- 
chine-gun towers distributed along the side. In the Leander class the 
protective deck is but IJ inches in thickness, and it extends only over 
the machinery spaces ; in the Mersey class it runs from end to end, and 
is composed of two 1-inch layers over the crown, which is nearly flat, 
and three 1-inch layers on the sloping sides. It cuts the framing en- 
tirely off, and is supported on angle bulbs, one on every frame. 

A double bottom extends throughout the engiue and boiler spaces, 
of a construction similar to that of the Anson and Howe, already de« 
scribed. The water- tight connection of the inner bottom to the side, 
however, is made by bending down the inner plate and attaching it to 
the skin by a continuous angle, the frames being entirely cut off and 
dependent on a gusset for their attachment to the wing plate. 

Forward and aft of the double bottom the longitudinals become inter- 
costals. The frames throughout are Z bars, and this shape is much 
used in the keelsons also. There is a poop and forecastle and a high 
waist extending between them. A frame of light beams covers the 
deck from end to end, and is utilized for the stowage of boats, spare 
spars, and other purposes. The rig is of the simplest description ; two 
steel masts With military tops and a small spread of fore-and-aft sail. 

DEVONPORT AND KETHAM. ^ 

(Composite sloops of the Mariner olass, the BoyalUi; a specimen troop-ship, the Am- 

phion, ) 

The dock-yards of Devonport and Keyham are really one. They con- 
tain in the aggregate 140 acres, and are connected by a tunnel through 
which a railway has been laid, and locomotives belonging to the yards 
transfer materials and men from one to the other. The accompany- 
ing plan will give a better idea of the yards than an extended descrip- 
tioB. Keyham has received most of the recent improvements and is 
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more modem than Devonport ; and in addition to its excellent shops it 
has extensive fitting-ont basins, provided with every facility for trans- 
porting and hoisting heavy weights. The building slips and most of 
the dry docks are located in the Devonport yard. One of the latter has 
just been completed ; it is of excellent masonry, but has the precipitous 
sides and general inaccessibility which seems inseparable from Euro- 
pean dry docks. There is also a large floating platform worked in con- 
nection with the dry docks, intended to be submerged and used to float 
out vessels while under repair. It has been but little employed, and 
was not recommended bs the constructors. 

COMPOSITE SLOOPS. 

In the Devonport yard three small composite vessels were building. 
These were the Mariner, Eacer, and Icarus, single-screw ships of 9^ 
tons displacement, carrying two 6-inch breech-loading rifles and two 
5-inch. The dimensions of these vessels are: Length between perpen- 
diculars, 167 feet; breadth, extreme, 32 feet; breadth, molded, 31 feet. 
Their draught is 11 feet 6 inches forward and 14 feet aft, with a free- 
board of 6 feet. The engines will be horizontal, compound, surface- 
condensing, 32" and 54" by 36" stroke, supplied with steam by three 
boilers, 7 feet 2 inches diameter and 16 feet 9 inches long. Ninety 
pounds of steam will be carried, and the engines are to indicate 890 
horse -power. 

A brief outline of the construction of these vessels is as follows : 
There is a flat keel-plate of three-eighths-inch steel, 21 inches wide 
amidships. T6 this is attached, by three-fourths-inch copper bolts, an 
English elm keel, siding 12 inches. The stem is a similar combination 
of wood and steel, the plate being flanged to receive the hoods. There 
is an intercostal center keelson, which ends forward in a vertical plate 
attached to the stem by double angles. The rudder-post is of oak, 
siding 11^ inches. A composition shoe connects the posts to each other 
and to the keel of the vessel. The rudder is of wood and has a com- 
position stock. Wherever steel comes in contact with oak a facing of 
teak is interposed to prevent corrosion. The transverse frames are 20 
inches from center to center throughout the vessel, and are of Z bars, 
6J" X 3i" X 3"x 15 pounds per foot. Up to the turn of the bilge they 
are split and worked at the top and bottom of an ordinary floor-plate, 
which is of 12^ pounds per square foot. The floor-plates are continuous 
across the center keelson. Every other frame, where it passes throug^h 
the upper deck, is reduced so as to form a 4" by 3J" angle in the wake 
of the waist. This is also the case in the poop and forecastle. Sheer- 
strakes are worked on the forecastle and poop and along the upper deck ; 
the latter are 18 inches wide and 15 pounds per square foot. 

The teak planking is put on in two thicknesses, breaking joints all the 
nvay forward and aft. The garboard strake is in one thickness of English 
elm. The fastenings of the inner thickness are of three-fourths-inch 
naval brass screw-bolts, tapped through the frames and having a nut on 
the inside. The diameter of these bolts is increased one-sixteenth inch 
above the thread. They are made of 62 parts of best selected copper, 
37 of Silesian zinc, and 1 of tin. They are tested by being bent cold to an 
angle of 40 degrees. Any slacking back of the nuts is prevented by 
center-punching the threads after heaving up. The outer thickness is 
fastened to the inner by one-half-inch copper bolts riveted on the in- 
side on composition rings. The heads of the inside fastenings are kept 
three-eighths inch inside of the outer surface of the plank, and those of 
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EUROPEAN DOCK- YARDS. 13 

the outer fastenings one-eighth inch inside. Both are set in a mixtare 
of white and red lead. The recessed heads of the inner bolts are 
plugged with the same mixture and those of the outer with a special 
compound. The iron and steel against which the wood bears, as well 
as the faying surfaces of the two thicknesses of plank, are well coated 
with a mixture of white and red lead. A carefullj'-arranged shift of 
butts for the two layers is prepared, and no planks less than 20 feet in 
length are used except the hoods. * 

The planking of the topsides is worked in a single thickness of teak, 
excejit the round portion at the stern, which is of Honduras mahogany. 
The inside of the waist is ceiled with thin steel. 

All of the transverse bulk-heads are built of steel. They attach to 
the skin by single angles, 3" by 3". The coal-bunkers, shaft-alley, &c., 
are all constructed of steel. 

THE ROYALIST. 

A larger composite vessel, the single-screw corvette Royalist, of 1,420 
tons displacement, was nearing completion in this dock-yard. She is a 
fine vessel, carrying in all twelve long breech-loading rifles, one 6-inch 
under the forecastle, another in the cabin, and ten 5 inch on the broad- 
sides. There is an efficient machine-gun armament, two such guns being 
mounted on the forecastle on low cylinders or towers, containing the 
red and green sidelights, which are introduced from below. The wood 
planking is 3^ inches inside and 3 inches outside, and the fastenings are 
like those already described on the Mariner and class. Sketches, illus- 
trating this construction in Her Majesty's service are appended. 

The Royalist made a six-hours' full speed contractor's trial trip in No- 
vember, 1883, drawing 1 foot less than her load draught. The screw, 
13 feet 6 inches pitch, made 107.3 revolutions, and the engine developed 
1,160 horsepower, or 210 more than the contract specifijed. The speed 
by patent log was 12^ knots, although there was a stiff breeze and a 
rough sea during the whole trial. The vessel has since been fitted for 
the use of forced draft, by which the horse-power will be increased 
to 1,500 and the speed may exceed 13 knots. 

The Amphion, of the same class as the Leander, was being completed 
here. Beside the foregoing ships, building and completing, some inter- 
esting repair work was going on. The Defence, one of the early British 
armor clads, was in dock, having recently been damaged by collision 
with the Valiant. Her stem being much bent, a few of the adjacent 
plates were removed ; a temporary furnace was built about the stem, 
which was heated and forced into place by hydraulic jacks. 

TROOPSHIP TAMAB. 

The Tamar, one of the excellent fleet of British troop-ships, had just 
received extensive repairs, and her commodious arrangements and 
studied adaptation to the ends in view invited much attention. The 
plan of these large vessels is admirable, and is such as secures the max- 
imum of comfort to both officers and men. The accommodations for 
the latter forward on the main deck, and on the lower deck both forward 
and aft, were remarkably cleanly and roomy. Iron berths are fitted, 
which can be arranged to unship. A separate inclosure is provided for 
the soldiers' wives, who are allowed, in limited numbers, to accompany 
their husbands. These quarters, as well as those of the officers, are 
lighted by incandescent lamps. The state-rooms for the officers and 
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their families are replete with comfort. The joiner work of the ward- 
rooms and cabins is painted and effectively ornamented by panels of 
paintings placed under glass. 

A peculiarly advantageous arrangement is observable on the upper 
deck, where a range of state-rooms extends along both sides of the 
deck between the poop and the forecastle. The middle space is entirely 
open above, and gives the inclosures excellent ventilation. The inclos- 
ures aft are used for state-rooms, and those forward are used for the 
transportation of animals. Special boats, pontons, &c., are carried 
for embarking or disembarking soldiers and horses. The Inconstant 
was at Devon()ort about to undergo a complete refit 

PORTSMOUTH. 

((The ColUngwoodf Camperdown, ColoasuB^ and Imperieuse ; details of the Calliope, the 

PolyphemvSj Becla, 4&0.) 

The Portsmouth dock-yard, containing 115 acres, is the greatest of 
the British dock-yards, 5,660 employes being provided for in this year's 
-estimates, representing an expenditure in wages of £383,666. The ac- 
companying plan will show the general distribution of the basins, docks, 
and buildings, including the extension, .which is still incomplete. The 
basins are now finished, with the exception of the northwestern one, 
which is walled but has not yet been excavated. The repairing basin 
has lately been equipped with an 80-ton shears. The dry-docks num- 
bered 12, 13, 14, and 15 still remain incomplete. This work of excava- 
.tion is performed by the convicts, whose prison adjoins the dock-yard. 
When these improvements are all completed, Portsmouth yard will con- 
tain five building slips and fifteen dry-docks, besides the long locks be- 
tween the basins which can be used as dry-docks. 
» The Camperdown and Collingwood, two vessels of the Admiral class, 
similar to the Anson and Howe, already described, were completing at 
the time of my visit; the latter was the more advanced, but the follow- 
ing data will give a good idea of the ^t^'ge of the work upon these ves- 
sels in October, 1884: 

THE COLLINGWOOD. 

"The Collingwood is of 9,150 tons displacement, against the Camper- 
down, of 10,000 tons, and will also carry a less formidable armament. 
She was brought around from Pembroke, where she was built, for com- 
pletion and to be put through a series of progressive speed trials. The 
engines are by Messrs. Humphrys, and at the official trial in May, 
1884, they developed 9,658 horse power, under forced draft, giving the 
ship a speed of close upon 17 knots. Exertions are being made to get 
the barbettes of the ship ready for a firing trial of her 43-ton guns in 
December, and, considering the progress already made, there is no rea- 
son to doubt that the arrangements will be completed by the date fixed. 
The work in connection with her broadside and machine gun armament 
is also being pushed forward, as well as the completion of the ship gen- 
erally. The Collingwood differs from the later ships of her class in that 
she carries four 43-ton guns in her barbettes, whereas the Rodney, 
Howe, Camperdown, and Anson will be armed with 63-tou guns, while 
the Benbow is intended to carry a couple of guns of the enormous 
weight of 110 tons each. 
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THE CAMPBRDOWN. 

'*The Caraperdown was laid down in Deceiuber, LS32. Nearly 3,000 
tons of material hav^e now been worked into the ship. She has been so 
far advanced that the spar deck beams are in place, and the plating of 
the bow is almost finished. The whole of the side bulkheads and hori- 
zontal armor has also been fitted, while the engine and boiler rooms are 
practically ready to receive the propelling machinery. At the aft'Cr 
part of the vessel the brackets are being fastened off, and the plating 
above the armor-deck is being closed in. An addition has been made 
to the stem of the ship above water to enable a torpedo to be discharged 
right ahead ; and the formation of the side torpedo- |>orts, of which there 
are two on either side above water, is being proceeded with. The large 
and heavily-armored tabes to afford protection to the passage of ammu- 
nition and the loading-gear are ready to receive the armor, which, with 
the whole of the armor-jilates, has been supplied by Sir John Brown & 
Co., of Sheffield. The greater portion of the forty steel-faced plates, 
each weighing 20 tons, and forming the armor belt at the water-line, 
have been placed on board, and some idea may be formed of the enor- 
moas strength of one of the latest pro[>osed additions to the armored 
fleet. 

"The Camperdown is one of the largest of her class under construc- 
tion, being 330 feet in length between perpeiuliculars, 6S feet 6 inches 
beam, and will have a displacement of 10,000 tons on a mean draught of 
26 feet 9 inches. She is thus longer than the Inflexible and the Colossus, 
and broader than the latter; and while (ler displacement is 1,080 tons 
less than the Inflexible, her draught exceeds that of either ship. In the 
horse-power of her engines she will also surpass both ; the contract pro- 
viding for 9,800 horsepower. She is designed to steam at the rate of 
16 knots per hour, and will be fitted for forced draft ; and judging from 
the result of trials of vessels of the same class already built, the actual 
result wdl, in all probability, exceed the estimated speed. 

"The armament of the ship will comprise four 63- ton guns, mounted 
in a couple of barbettes, and six 6-inch B. L. R. in a covered upper-deck 
battery, the sides of which are of linch plating, while the ends are 
formed of armored bulkheads, composed of 6-inch plating to protect the 
gun crews from a fore-and-aft fire. The battery will also contain four 
6-ponnder quick-firing guns, and six similar guns will be mounted on 
the upper deck, while ten 6- barreled 1 inch Nordenfeldts will be disposed 
between decks in towers projecting beyond the sides of the vessel. 

"The offensive powers of the Camperdown will be further increased by 
Whitehead torpedoes, which will be arranged to fire from four broadside 
X>ositions, and from one right-ahead port cut through the upper part of 
the stem. The construction of the ship is of the usual type. An ar- 
mored belt protects the vital parts amidships, while forward and aft 
there is an armored deck, about 5 feet below the water-line, and extend- 
ing from Che belt to the stem and stern, dividing the hull horizontally. 
The ends are further subdivided into several small compartments, so 
that should the bottom be damaged, only a small portion of the hold is 
likely to be filled with water. No definite period has yet been fixed for 
the launch, but in all probability it will take place in August, 1885." 

THE EDINBURGH AND COLOSSUS. 

The Edinburgh, formerly known as the Majestic, a turret ship of 9,150 
tons displacement and 6,000 indicated horse-power, was in one of the 
docks. Little was being done on her, as she was awaiting the comple- 
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tion of her sister ship the Colossus. These vessels are of the luflexible 
type, having the echelon arraDgemeut of turrets, with a central sni>er- 
structure extending forward and aft. They carry four 43-ton B. L. R. 
guns in the turrets, and five 6-inch 4^ton breech-loaders, upon Yavas- 
seur mounts, with protecting shields. The 43 ton gun fires a projectile 
of 700 pounds, with a powder charge of 400 pounds, and gives a muz- 
zle energy of 2,200 foot-tons. 

The length of these ships is 325 feet; breadth, 68 feet ; mean draught, 
26 feet. The water-line armor is 18-inch steel faced ; that on the turrets 
is 14-inch. Sketches are appended, showing the side armor and the dis- 
position of the internal cofierdams and cork chambers in the unarmored 
ends. The estimated speed is 16 knots. The Edinburgh was launched 
at Pembroke in 1882, having been about three years on the stocks. 
"With the exception of the guns and the torpedo battery, about which 
there is some delay, both ships may be said to be completed. The mode 
of managing the breech-plug of the large guns has been under advise- 
ment since the ships were laid down, and until very lately was still 
undetermined. That contemi)lated is said to be something novel and 
unique. The fittings of the magazines and the ammunition elevators 
are also in abeyance. 

The cabins are made of thin sfeel, not covered with wood, but merely 
trimmed with light moldings around the blinds and ventilating aper- 
tures. 

The engines of the Colossus, built by Messrs. Maudslay, Sons & 
Field, were given their six hours' trial on the 10th of January, 1884, 
developing a mean indicated horso-power of 7,514. There are two three- 
cylinder compound engines, 58" and 74", and 74" by 39" stroke. The 
shafts are hollow, and are made of Whitworth's fluid-compressed steeL 
The propellers are four-bladed, of manganese bronze, 17 feet 6 inches 
diameter, and 18 feet 6 inches pitch. The boilers are disposed in four 
water-tight fire- rooms, and represent a grate surface of 650 square feet. 
The working pressure is 60 pounds. The mean speed was 16^ knots. 
There is bunker capacity for six days' full steaming, or 2,343 knots. 

Sir Thomas Brassey has spoken of these ships as '^ reduced Inflexi- 
bles." Though smaller and of similar design, they possess several 
advantages over the more powerful iron-clads. They have higher speed 
by almost 3 knots. Their 43ton breech-loaders are not considered much 
inferior to the 81-ton muzzle-loaders, and in light guns the new ships 
have the superiority. They carry ten Nordenfeldt and four Gardner 
machine guns. In the matter of torpedoes the Inflexible is better 
equipped, having seven discharging tubes as against two on the Colos- 
sus and Edinburgh. 

There are now five ships of this type in the British navy. Immedi- 
ately upon the launch of the Inflexible, in 1876, the Ajax and Agamem- 
non, smaller vessels of the same general design, were begun. Their 
armor ranged from 14 to 18 inches, and their large guns were 38-ton M. 
L. B. The Colossus and Edinburgh followed, and take rank between the 
Ajax and Inflexible. They have less power than the Collingwood, al- 
though their displacement is as great. 

THE IMPEBIEUSE. 

The Imperieuse, a twin-screw barbette cruiser, ot 7,390 tons and 
8,000 indicated horse-power, was also completing in one of the docks. 
She is 315 feet long ; 61 feet beam, molded, and 62 feet extreme; depth 
of hold, 23 feet 11 inches; draught forward, 24 feet 5 inches; aft, 25 
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feet 5 inches ; her estimated speed is 16 knots, and she carries a com- 
plement of 450 men. She is sheathed with two thicknesses of wood, 
and, at the time of my visit, was being metalled. The armament con- 
sists of four 18-ton gans, B. L. R., disposed in four barbette towers. 
Two of the towers are placed on the center line of the ship forward and 
aft ; the other two overhang the ship's sides, which are tumbled home 
and rounded into the deck to accommodate the fire. There are also six 
6-inch guns, unprotected on the main deck. To avoid all interference 
with the fire of the forward barbette, an unusual and inconvenient 
stowage of anchors has been adopted ; they are secured in pockets re- 
cessed in the side. The barbettes are round and are protected by 8-inch 
compound plates placed vertically. A belt of water-line armor, 8 feet 
in width and 10 inches in thickness, composed of steel-faced plates, is 
carried along in the wake of the boilers and engines. At its ends there 
are, athwartships, bulkheads 9 inches thick. The conning tower is of 
10-inch armor ; and the armored deck, which extends forward and aft. 
connecting with the stern-post and the ram, is 3 inches on the flat and 
4 inches on the slope. The sloping sides descend 4 feet 9 inches under 
water. The crown is composed of three thicknesses of 1-inch steel plates 
fastened with IJ rivets; and the sides of a 1-inch plate, having a 3-inch 
plate above it. The thick plate is secured with tap bolts from the under 
side. Under this deck is the steering gear, which is further protected 
by being deeply submerged. 

The engines are placed amidships, with boilers forward and aft of 
them. About one-half of the machinery was in the vessel : the remainder 
was unfortunately lost at sea in coming from the makers, Messrs, Mauds- 
lay, of London. It will be complete in January, and the steam trials 
of the ship are expected to take place early in 1885. ^ 

A longitudinal center bulkhead extends through the middle of the 
Bhip, making two engine-rooms and four fire-rooms. There are four 
boilers in the after boiler-rooms on either side, fired from the wings ; and 
six boilers forward fired from the forward ends. She is brig-rigged and 
spreads a limited amount of sail. 

THE CALLIOPE. 

The Calliope, a steel and iron corvette, sheathed with wood, was also 
visited in this yard. This vessel was laid down in October, 1881 ; 
launched in June, 1884 ; and will be completed in 1885. She is of 2,770 
tons displacement; and the engines, by Rennie, are to indicate 3,000 
horse-power with natural draft. Four 6-inch B. L. R. are carried on 
sponsous forward and aft, and twelve 5-inch B. L. R. on the broadsides. 
There are four Nordenfeldt guns, two on the bridge and two on the bow ; 
also two Gardner guns, one 9-pounder and one 7-pounder. The broad- 
side guns are on Vavasseur carriages and train through an angle of 120 
degrees. The estimated speed is 13J knots. 

1 have considered it necessary to give in detail the dimensions and 
structural arrangements of this ship, as she is one of the latest sheathed 
ships in the British navy j and vessels of her type, with a reduced 
draught of water, are suitable for many requirements of the United 
States Navy. 

The length between perpendiculars is 235 feet ; extreme breadth, 44 
feet 6 inches ; draught forward, 17 feet 5 inches ; draught aft, 19 feet 
11 inches. She differs from her sisters, the Ganada and Gordelia, in 
being 10 feet longer. The freeboard is 8 feet 10 inches. The area of 
midship section is 663 square feet. 
H. Mis. 237 2 
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The framing is partly transverse and partly longitudinal. Some por- 
tions of each system are continuous and others intercostal. The trans- 
verse frames are 3 feet 6 inches apart and arc of two sorts. 

(1) The principal frames, which are composed of a frame angle 3" by 
Z*' by %" and a double reverse bar 2^" by 2J" by J" continuous across the 
keel, the two being connected by ^" floor-plates, which amidships give 
way to the longitudinals. The floor-plates are lightened by large holes 
and connect to the longitudinals by clips 2^" by 2^" by ^■^'*, At the turn 
of the bilge this arrangement scarphs to frames com])Osed of an enter 
angle 8'' by 3J" by |" and a reverse bar 2 J" by 2J'' by^" (see Fibres). 
The 8inch frame extends up to the lower or armor deck, and is attached 
to it as shown in the sketch. 

(2) The intermediate frames, which are composed of a frame angle 
8'^ by 3" by ^" and a reverse bar 1^^" by 2^" by ^'', both of which are con- 
tinuous across the keel, from the steel deck on one side to the same 
height on the other, cutting awaj' the lower portion of all the longitudi- 
nals and attaching to the steel deck as shown by sketch. 

Before station 20 and abaft 40, frame angles 6" by 3'' by f " are em- 
ployed, extending right up to the rail. 

In the wake of the steel deck all of the frames are cut off. Above it 
Z steels are worked, 3 feet 6 inches apart, extending up to the rail and 
connected to the deck as shown. 

The longitudinals are as follows : 

The center keelson consists of a vertical steel plate 24" by f , with 
three-eighths inch intercostals fitted at the bottom between the 8-iuch 
frames and riveted to the continuous plate ; a flat keel-plate 3 feet 6 
inches wide by one half inch thick, is connected by 3" by 3" by %" angles 
to the vertical plate. The upi)er flange of these angles is cut away to 
allow the frames to pass through. On the upper edge of the vertical 
plate there is a double 3" by 3" by f". The plate is worked in 21-foi>t 
lengths, connected by double butt-straps one-fourth inch thick and riv- 
eted with three fourths inch rivets. The intercostal plates have water- 
courses 2f inches in diameter. 

The first longitudinal on either side of the keel is of the same style of 
construction as the keel itself. This is illustrated and sizes given in the 
figures. In every frame space the longitudinal is lightened by a hole 
18" by 8", except where butts occur. The second longitudinal is put 
together in like manner, and the sizes of the plates and angles are given 
in a sketch. A third longitudinal, 11 inches deep, is fitted as an inter- 
costal, with a double 2^" by 2^" by 3^", running on the inside of the 
frames, and clips to the skin 3'' by 3" by f ". Where the longitudinals 
pass through the water-tight bulkheads^ angles 3" by 3" by f" are 
fitted as shown in the sketches, and calked. 

The first longitudinal extends from station 4 to the stuffing-box bulk- 
head. A longitudinal coal-bunker bulkhead extends from station 20 to 
station 49. It connects above to the steel deck and below to the inter- 
costals, which clip to the skin by 3" by 3'' by |" angles. 

The steel protective deck, to which I have alluded, is built in two 
thicknesses of three-fourths-inch steel. It extends from station 20 to 
station 49, and rests upon longitudinal girders. Each girder consists 
of a vertical plate 3 feet 9 inches by three-eighths inch, with double 
angles, 3'' by 3'' by |", on its upper edge, and is connected to the deck 
by a 3J'' by 3J'' by ^". The ends of the girders are attached to the 
athwartships bulkheads. 

The bottom plating is of the usual construction, with inside and out- 
side strakes; the greater part is of five-sixteenths-inch steel. It is 
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doubled at the bow, on the sheer strake, and in the neighborhood of the 
shaft tabes. At the embrasures the thickness is seven-sixteenths inch, 
and on the forecastle three-eighths inch. 

The batts are doable chain riveted, bat the edges are single riveted. 
The stem is of composition. 

Two thicknesses of wooden sheathing are worked, of which the inner 
layer is of teak, 3 inches thick; the oater is 2J inches thick, and above 
the light-water line it is Of teak, bat below it is not exclusively of that 
material. The garboards are of English elm. The outer thickness is 
worked a little over 2^ inches to allow for fairing. All surfaces of 
plank which fay against plating or against each other are well paye<l 
with a mixture of red and white lead. The edges of the two layers 
break joints throughout. The inner is fastened with three-fourths-inch 
iron screw-bolts, spaced as shown. 

The thread portion of the bolt is reduced one-sixteenth inch. It is 
tapped through the plate, and further secured by a nut on the inside, 
which is hove up on a washer and grummet, which is dipped in thick 
paint. A similar grummet, armed with red lead, is placed under the 
hea<l of the bolt. The holes require to be carefully drilled and counter- 
bored to recess the heads of the bolts, which are screwed in with a 
rachet until the wood is compressed about an eighth of an inch. An 
oblongslotin the head of the bolt serves for screwing it in. (See sketch.) 
The head is recessed about three-eighths inch, and the cavity is plugged 
with red and white lead. 

The outer thickness is fastened to the inner by five-eighths-inch naval 
brass wood screws. Every care is taken to prevent action between the 
composition bolts and the plating. The points are kept one-half inch 
clear of the skin when hove up. The heads are one-eighth inch below 
the surface when the planks are faired. Above the water-line the two 
thicknesses are substituted by a single one of teak, fastened by seven- 
eighths inch galvanized iron screw-bolts, tapped through the skin with 
a nut on the inside. 

The keel is of English elm, fastened with copper bolts, and there is a 
4-inch false keel, secured with Muntz metal spikes. 

The displacement is distributed as follows: 

Per cent. 

General equipment 12. 2 

Armament 6. 6 

Machinery 17. 5 

Coal 11.6 

Hull 51. 5 

Ballast 1. 6 

THE POLYPHEMUS. 

During my stay in this yard the Polyphemus arrived, after a series 
of trials with her new boilers, in which she attained a speed slightly 
exceeding 17 knots ; higher results were expected as soon as adjust- 
ments in the machinery should be completed. This embryo vessel is 
240 feet long between perpendiculars; 40 feet beam, and has a draught 
of 20 feet, at which she displaces 2,640 tons. She has twin-screw en- 
gines, aggregating 5,500 indicated horse-power. Many modifications 
have been engrafted upon her original design. On her first arrival at 
Portsmouth a board was appointed to consider means for using her 
torpedoes when running at a high rate of speed, and the result of the 
steam trials demonstrated the inefl&ciency of the locomotive boilers 
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with which the ship was at first fitted. The consequences are that th< 
torpedoes are discharged in the wake of a sliding guu-iuetal guard, hg 
which they are shielded from the pressure of the water until quite clea 
of the ship, and the boilers, the removal of which almost involved th 
dejstniction of the midshii)s portion of the ship, have been supersede! 
by those of common type. New bunkers were constructed to suit tb 
changes in the fire-room. The present coal capacity is 113 tons. Th 
system of drainage was completely changed, and an arrangement I 
electric incandescent lamps and searchlights was made by the Messil 
Siemens. The Polyphemus made a full power trial of her machine^ 
on the measured mile on May 21, 1885, with very satisfactory resulll 
A speed of 17.847 knots was realized, and the indicated horse-|>ow| 
was 5,521. 

The steel dispatch vessel Mercury, whose great speed attracted lb u(| 
attention some time ago, was here ready for commission. The Drea| 
naught was about to relieve the Inflexible as flagship of the Medit^ 
ranean squgdron. The Rupert, Active, Volage, Cordelia, Triumph, ad 
Bacchante, were all ready for sea. Many older vessels were laid up i 
refitting. Among these the royal yacht Victoria and Albert was undel 
going extensive repairs both to hull and engine, Messrs. John Penc^ 
& Son supplyingnew cylinders, and the dock -yard furnishing new boileil 
Several Indian troop-ships were also receiving a thorough overhauliof 



THE HECLA. 






A ship which invited much attention was the torpedo depot He* 
Originally a merchant steamer, she was purchased and fitted out 
the Admiralty as a floating torpedo store and workshop. She is 391 ft 
long, 38 feet 9 inches beam, and has a displacement of 6,400 tons, a1 
engines of 1,760 I. H. P. She carries five 64-pounder M. L. K., and 
40-pounder B. L. R., also a number of torpedo-boats for distributi 
among the fleet in time of war, a supply of torpedo nettings and all t 
materials and appliances to ward off or inflict torpedo attack. Her m 
were found to be of exceptional intelligence, thoroughly schooled in t 
use and manufacture of all forms of explosive appliances. 

On the main deck aft there is quite a large machine-shop, with lii 
of shafting running the light lathes, shapers, and planers required 
torpedo manufacture and repair. So highly is this vessel thought 
that the building of a new Hecla, or, possibly, the conversion of sol 
of the obsolete ironclads, like the Warrior, into torpedo transporta 
spoken of as. part of the naval programme of the future. 

The Active, which was seen here, an iron corvette sheathed with wo< 
seemed of a type which, with a reduction of draught, is suited to 
needs of the United States. She is of 3,080 tons and 4,010 I. H. 
The length is 270 feet ; breadth, extreme, 42 feet, and draught of wat 
21 feet 4 inches. She is ship-rigged and has full sail power. 1 
speed under steam is about 15 knots, and the armament is eighteen 
pounders M. L. R. guns. 

TORPEDO-BOAT DEPOT. 

At Haslar, on the opposite side of the harbor, the Admiralty hi 
fitted up a large property for housing and storing torpedo-boats 
light gunboats. The vessels are drawn out of the water on a rail^ 
and deposited on a traveling platform, which runs on rails iu a w 
trench. On both sides extend substantial sheds, in which the boats i 
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berthed side by side. Each berth is fitted with rails to facilitate the 
trausfer of the boat from the truck. 

The platform is operated rapidly by steam power, and the same ma- 
chinery answers for drawing the boat from the water. I was informed 
that as many as fifteen boats could be housed or launched in an ordi- 
nary working day. Many twin screw light-draught gunboats were 
stored here to prevent deterioration, and afford facilities^for painting 
and repair. 

CHATHAM. 

(The armorclads Rodney and Hero, partially protected cruisers Mersey, Sevei-n, Are^ 
ihusaf Leander, aud Phaeton. ) 

Her Majesty's dock-yard at Chatham is but little inferior to Ports- 
mouth, having also received an extension during the last ten or fifteen 
years ; the improvements being still incomplete. More building opera- 
tions were going on here than at Portsmouth. The Eodney, a ship of 
the Collingwood type, since launched, was progressing rapidly. In 
view of the details already given, regarding similar vessels, a special 
description is omitted. The Kodney is on the same lines as the Howe, 
having 9,600 tons displacement and 7,500 1. H. P. A speed of 16 knots 
is anticipated. The Rodney was commenced on the 6th of February, 
1882, and was launched on October 8, 1884, up to which time the hull 
represents an expenditure of £440,000. She is the second ship of the 
class ; the Collingwood, launched at Pembroke in November, 1882, was 
the fiist. 

Keference has now been made to all of the Admiral class building in 
the several dock-yards: the Anson and Howe, at Pembroke; the Col- 
lingwood and Camperdown, at Portsmouth ; and the Rodney, now com- 
pleting at Chatham. The Benbow, of 10,000 tons displacement, is 
building by contract at the Thames Iron Works at Milwall. There are, 
therefore, six of these powerful vessels. The Benbow will carry the 
heaviest armament of any ship in the navy, having two 110-ton guns ; 
her broadside guns are ten 5-inch B. L. R. 

These ships are rated first-class armor-clads ; but if the line be drawn 
at 10,000 tons it is necessary to rule out the Collingwood, Rodney, and 
Howe. None of them will have sails ; there will be one mast, to be used 
for signaling and machine guns. 

The Hero, a new Conqueror, was building in one of the docks. The 
Conqueror herself was approaching completion. She has a displace- 
ment of 6,200 tons and twin-screw engines of 4,600 I. H. P. She car- 
ries two 43- ton B. L. R. guns in a single turret. Her length is 270 feet; 
breadth, 58 feet ; draught forward, 22 feet ; draught aft, 24 feet. The 
thickest armor on the water-line is 12-incli. That on the turret is also 
12-inch ; all steel faced. Over the citadel there is a IJ-inch steel deck, 
and on the lower deck 2^-inch plating extends forward and aft. 

The guns of the Conqueror do not possess an all-around fire. They 
are masked by the superstructure which contains the quarters. The 
turret has an arc of fire of 280 degrees. 

The Calypso was visited here, being similar to the Calliope, whose 
dimensions and arrangements have aheadj^ been described. 

The Mersey and Severn, building, were precisely like th«^ Thames 
constructing at Pembroke. 

The Warspite, a duplicate of the Imperieuse, was in one of the basins 
completing. The Leander, Phaeton, aud Aretbusa, built at Nai)ier's 
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yard on the Clyde, were in process of completion. These much-talked- 
about protected cruisers are of 3,750 tons displacement and have 5,000 
indicated horse-power. The armament is ten 6-inch breech-loading guns. 
The ships were built for £144,769 each. The Admiralty have since ex- 
pended £15,000 on the Leander, which is now fitted for forced draft. 

• SHEERN£SS. 

/A comparatively uuimportant dock-yard; the aSwoUoWj Pylades and Caroline, the 

Comus.) 

Compared with the dock-yards already mentioned that of Sheerness 
is comparatively unimportant. It has none of the imposing shops of 
Portsmouth and Keyham, and the outfit for building vessels is not ex- 
tensive. However, an amount of interesting repair work was going on ; 
several composite vessels were completing and one was building. The 
latter, named the Swallow, is a gun vessel of 1,040 tons displacement, 
and is 195 feet between perpendiculars, 28 feet extreme breadth, with 
a draught of 11 feet forward and 12 feet aft. The engines, building 
by Rennie, will indicate 1,500 horse power under forced draft, and a 
speed of 13 J knots is anticipated. Her coal capacity is 280 tOQs and 
tne complement 82. The armament consists of ei^ht 5-inch 36cwt. B. 
L. The estimate cost of hullisi33,00() and the contract price of engines 
£15,000. The construction is essentially' the same as the vessels pre- 
viously described. 

Two composite corvettes, the Pylades and the Caroline, were nearly 
completed. They are built on the same lines as the Heroine, Hyacinth, 
Rapid, Royalist, and Satellite, of L,420 tons displacement and the fol- 
lowing dimensions : Length between perpendiculars, 235 feet ; extreme 
breadth, 38 feet; mean draught, 14 feet 3 inches. The engines are to 
work up to 1,500 indicated horse-power under forced draft, driving 
the vessels at a speed of 13 knots. The weight of hull is 780 tons and 
the coal capacity is 400 tons. The Pylades was begun January 1, 1883. 
and launched November 5, 1884. She is probably completed by this 
time. The Caroline's keel was laid October 24, 1881, and her launch 
took place November 25, 1882. The estimated cost of hull is £54,220 
for the Caroline and £52,020 for the Pylades. Tlie engines are con- 
tracted lor at £13,150 and £16,500, respectively. There is a protective 
deck, composed of two thicknesses of five-eighths iron over the n»a- 
chiuery. The armament is fourteen 5-inch 15. L. R.; the vessels are 
bark rigged. 

THE COMUS. 

The Comus was also at this yard receiving alterations to her battery 
and being fitted with half turrets forward. She is of the so-caile<l *• C " 
class of corvettes, of which three were built in the dock-yards and six 
by contract. They are of 2,380 tons displacement, built of iron and 
steel, and wooden sheathed. Their dimensions are ; Length between 
perpendicular, 225 lieet ; breadtli, 44 feet G inches ; draught, 18 feet 
lOJ inches. They are single screw, with about 2,300 indicated horse- 
power and a speed of 13 knots. The Comus was laid down in August, 
1876, built by John Elder & Co., of Clasgow, and commissioned in 
October, 1879. Her cost ready for sea was: Hull, 8423,085; machiiiei*y, 
$147,780 : masts, rigging, boats, &c., 849,700 ; total cost, 8(520, .~»05. 
The running repairs during the vessel's four years' commission ia the 
Pacific aggregated 88,270, of which 80,030 was on the hull, 81,270 on 
engines and boilers, and 8970 on spars, boats, an<l rigging. 
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GERMANY. 

The imperial navy of Germany dates from October 1, 1867, from which 
time up to the present about $140,000,000 has been expended upon the 
naval establishment, with the result that Germany now ranks as the 
fourth naval power. The dock -yards are Wilhelmshafen, on the North 
Sea, and Kiel and Dantzic, on the Baltic. The site for Wilhelmshafen 
was purchased from Oldenburg in 1854, but work upon it was not begun 
until 1800. Upwards of $20,000,000 has been laid out in basins, dry- 
docks, buildings, and other requirements of a first-class dock-yard. 

KIBIi. 

(The Adier, Deutschland, HohenzoU^n^ Alexandrina ; GhineBe iron-clads. Ting Yuen and 

Chen Yuen.) 

In 1865, when Prussia took possession of Holsteiu, it acquired the 
harbor of Kiel, which oflFered the most favorable location for a dock- 
yard in the Baltic. The harbor is nearly 10 miles in length, 1 mile in 
Width, and of great depth of water. The dock-yard is situated at Eller- 
beck,on the east side of the harbor. It is still in a transition state, being 
only partly developed. Some excellent buildings have been erected, 
but are incomplete in their outfit of tools. Kiel employs about 3,000 
men, of whom 1,200 are in the department of construction and repair. 
Several ships have been built, at Kiel. The Adler, one of these, full 
ship rigged, was in the harbor at the time of my visit. 

A similar vessel, denominated a cruiser corvette, was on the stocks 
and well advanced. The hull is of iron and steel except the stern-post 
and stem, which are of bronze. The iron skin is double planked and 
coi)per sheathed. Her dimensions are 231 feet 5 inches between per- 
, pendiculars; 41 feet inches breadth ; and displacement, 2,335 tons on 
a. mean draught of 16 feet 5 inches. , The engines are calculated to 
develop 2,400 indicated horse-power and a speed of 14J knots. The 
battery consists of twelve. long 15-centimeters on broadside, one 8.7- 
centimeter in the bow, and one 8.7-centl meter in the stern, beside which 
the ship will also carry four machine guns and a torpedo-launching ap- 
paratus. This corvette was launched February 7, 1885, and christened 
the Alexandrina. Uercost, exclnsiveof armament, will be about $475,000. 

The Deutschland was undergoing extensive repairs. She is of 7,700 
tons ; 280 feet between perpendiculars; 02 feet 4 inches beam ; 24 feet G 
inches hold. The armor varies from 11 inches to inches. She is pro- 
pelled by twin-screw engines of 8,000 indicated horse-power, collectively, 
and carries eight 10-inch Krupp guns in a central batter}'. The coal 
capacity is about 700 tons and the speed is 14.J knots. - 

The Holienzolleru, the Emperor's fine iron paddle yacht, was being 
handsomely fitted out. She is 208 feet long on the water-line, 32 feet 10 
inches beam, and 22 feet 4 inches hold. The indicated horse-power is 
3,000 and the speed is about 10 knots. 

TING YUEN AND CHEN YUEN. 

The two barbette ships, Ting Yuen and Chen Yuen, built at the Vulcan 
Iron Works at Stettin for the Chinese Government, were in the harbor, 
detained through international comjdications growing out of the Franco- 
Chinese quarrel. They are powerful vessels, notwithstanding their mod- 
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erate displacement. They are built on the same lines, and their dimen- 
sions are as follows: Length between perpendicalars, 298 feet 7 inche,s; 
breadth, 60 feet i inch ; depth in hold, 24 feet 3J inches; mean draught, 
20 feet; displacement, 7,430 tons. The hull is built of iron and divided 
into 200 watertight compartments. The casemate is 138 feet in length, 
protected by compound armor 14 inches thick at the water-line, tapering 
to 8 inches at 5 feet below the water-line, and 10 inches at the top of the 
citadel 8 feet 3 inches above the water-line. 

The deck arrangement is very much like that of the Edinburgh, the 
superstructure and echelon disposition of the battery being very similar, 
although barbettes have taken the place of turrets. The barbettes 
carry 12-inch compound armor, and the main deck, forward and aft of 
the casemate, is 3 inches thick, curving down forward and connecting 
with the ram 11 feet below water. The armament consists of four 30i- 
centimeter guns, two in each barbette, and in the bow and stem one 15- 
centimeter Krupp gun under a steel shield. The twin-screw engines are 
three-cylinder, receiving steam from eight cylindrical boilers which are 
placed in four water-tight compartments. The indicated horse-power is 
collectively 6,200, driving the vessel at a sea speed of 14 knots. They 
have two masts, lightly rigged. Anchor davits and catheads are done 
away with, instead of which there is a revolving beam pivoted on the 
center line of the ship, running on a racer on the top of the superstruct- 
ure forward; essentially a cat-head, which can be swung around and 
stowed amidships. 

The Ting Yuen was begun March 31, 1881, launched December 28, in 
the same year, and made her trial trip May 18. 1883. 



RUSSIA. 

The navy list of Kussia is formidable in the number of vessels and 
men, which places the nation third in the rank of naval powers. The 
apparent navy aggregated at the beginning of the present year three 
hundred and seventy vessels of all descriptions, but a cursory exami- 
nation reveals the fact that probably not more than one hundred and 
twenty, exclusive of torpedo-boats, can properly be classed as vessels 
for offensive and defensive warfare. The fleet is composed of two chief 
divisions, the Baltic and the Black Sea; in addition to which are the 
Siberian and White Sea flotillas. The Caspian and Aral flotillas have 
probably passed out of existence by this time, and are not included in 
the total of ships. The Baltic division is, of course, the most impor- 
tant, while the Black Sea, neglected since the Crimean war, has within 
the past few years been considerably strengthened ; and the programme 
of Grand Duke Alexis and Admiral Tshestiakoff will in a few years 
develop in the Russian navy a high degree of efficiency. The naval 
depot of the Baltic divif.ion is at Cronstadt, 16 miles distant from St 
Petersburg, although the vessels are built at the capital. 

ST. PETERSBURG. 

(The old and new arsenals: new iron-clads; corvettes Vitiaz ami Rynda ; iron-clad;* 
Sachimoff and Dmitri Donakoi.) 

There are two navy-yards at St. Petersburg, one of which is large 
and tolerably well appointed ; the other is now closed as a Government 
yard, but two imperial corvettes are being built in it by contract. 
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Neither establishment is saitable for a fittiDg-out 3'ard, though the 
fornier establishment was, until recently, so used. The shoals of the 
jS^eva prevent vessels of even moderate draught from passing from the 
yards, and ships launched at St. Petersburg have frequently been 
floated down to Cronstadt on a dock. 

In the yard first mentioned the keel was being laid for a ship of the 
British Admiral type, but no other work was in progress. The length 
of this ship will be 325 feet between perpendiculars ; breadth, 67 feet ; 
mean draught, 23 feet; displacement, 8,650 tons; indicated horse-power^ 
8,000 ; estimated speed is 15 knots. 

Unlike the Admirals, the armor-belt extends the whole length of the 
water-line, and is 14 inches thick amidships. The armored deck is 3 
inches thick ; the armament consists of four 12-inch guns, disposed In 
two barbette towers, and worked on the disappearing principle, which 
is adopted in all the Russian armored ships now building. The bar- 
bettes will rest on a deck above the armored deck, between which and 
the barbettes armored tubes will extend. On the same deck with the 
barbettes will be a number of 6-inch guns. 

VITIAZ AND RYNDA. 

The sheathed corvettes already mentioned, called the Vitiaz ami 
Rynda, were almost ready for launching. Tliey have a displacement of 
2,880 tons; length on water-line, 265 feet; breadth, 45 feet ; depth, 24 
feet; draught forward, 14J feet; aft, 18J feet; area of immersed mid- 
ship section, 580 square feet. 

The engines are horizontal, three cylinder, compound ones, of 3,000 
indicated horsepower, turning a single screw, 16 feet in diameter, at 
eighty-six revolutions per minute. Steam of 80 pounds piessuie is 
furnished by ten boilers of two furnaces each. There is bunker ca- 
pacity for 500 tons of coal, of which the estimated daily consumption,, 
at full speed, 15 knots, is 60 tons. 

There is a full ship rig, the area of the principal sails being 18,000 
square feet; nine boats will be carried, two of which are tori)edo- 
launches. Ten 6-inch B. L. R. guns and four 3^-inch B. L. R. constitute 
the armament. The larger guns have a length of 32 calibers; the 
powder charge is 38 pounds, and the shell weighs 81 pounds. They 
also carry eight Hotchkiss guns and twelve Whitehead torpedoes. 

The ships are built entirelj- of Russian steel, except the keel-plates 
and the rivets, which are of iron. A double bottom extends under the 
engines and boilers, and a protective deck, IJ inches thick, protects them 
from above. The stern-posts are of gun-metal, but the stems are of iron. 
The price, without rigging, boats, or outfit, is $972,500 for the hull; and 
for the engines and boilers $389,000, or $1,361,500 for each vessel. 
The price is high, because all the materials are required to be of Russian 
manufacture. The vessels are sheathed and coppered. The wood is 
worked on in two thicknesses in the manner shown in the accompanying 
sketch. Z bars, in this case of a true Z-section, are worked fore and aft 
over the hull, allowing spaces between them of about 2^ feet. In these 
spaces wooden chocks, 3^ inches thick and 12 inches wide are fitted in a 
vertical position, and secured by a wedge or key driven into a si>ace 
prepared for it in the heel of the chock. The inner layer being in posi- 
tion, is thoroughly calked, and then coated over with tar or composi- 
tion, and the outer layer is worked on longitudinally and fastened with 
wood screws in the usual way. This system of sheathing is the general 
practice of the Russian Admiralty, which earnestly advocates sheathed 
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-ships, having found no paint with satisfactory anti-foiiling properties, 
and having little faith in the brushes employed in some recent inven- 
tions for cleaning bottoms afloat, which take off the paint in the a^ 
tempt to remove the weeds and barnacles. 

ADMIRAL NACHIMOFF. 

Opposite the yard where the corvettes were building is the extensive 
property of the Baltic Iron Works. Here an armored cruiser of the 
Warspite type, the Admiral Nachimoff, was on the stocks, having 
been begun in April, 1883. The hull is chiefly of iron and steel, with 
double sheathing put on in the manner already described. The stem 
and stern-post, of composition, were admirable castings, the former 
'being in one piece, including the ram and the attachment to the armor- 
-deck, and weighing about 32 tons. The dimensions of the Admiral 
Nachimoft* are: Length between perpendiculars, 3?»3 feet; extreme 
breadth, 61 fee* ; mean draught, 25 feet ; and displacement, 7,781 tons. 
The compound armor is 10 inches on the side, 9 inches on the barbettes, 
and the protective deck is 3 inches. The engines, of 8,000 indicated 
horse-power, will be similar to those of the Peter the Great, and are 
calculated to give a speed of 16 knots. The armament consists of four 
9-iuch B. L. K., in four barbettes, ten 6-inch on the broadside, and four 4- 
pounders and six machine guns. The vessel is brig-rigged, with a sail 
area of 26,000 square feet. The coal capacity is 1,300 tons, and her boats 
include two torpedo-boats, two steam launches, and eight ordinary 
boats. The contract price is 2,625,000 rubles, and the launch is fixed • 
for September, 1885. 

DMITRI DONSKOI. 

The Dmitri Donskoi, a partly armored frigate launched at St. Peters- 
bur;^ in August, 1883, was floated to Cronstadt on August 7 by meaus 
of a dock. The hull is built of iron and steel, and is of ^-he following 
dimensions : Length between perpendiculars, 296 feet 7 inches ; breadth 
extreme, 52 feet; depth of hold, 32 feet; draught aft, 25 feet; draught 
forward, 21 feet; displacement, 5,709 tons. The compound armor 
weighs 400 tons, and was contracted for at 312,000 rubles. It forms 
a belt from stem to stern, 7 feet in width, varying in thickness from 6 
inches to 4J inches, backed by 24 inches of teak. The armament in- 
cludes two long 8 inch guns, pivoted amidships, fourteen 6-inch on the 
side, and no less than ten machine guns, and several 4 and 9 pounders. 
The engines will indicate 7,000 horsepower, and are estimated to propel 
the vessel at a speed of 16 knots. There are six double-ended boilers. 
17 feet long and 14 feet in diameter. She is full ship-rigged and carries 
coal sufficient for twenty days at 10-knot speed. Her complement will 
612 officers and men. 

THE BLACK SEA. 

(Naviil station at Sebastopol, Nicolaieff, and New Russia ; iron-clads Sinope, Tche^fme. 

and Catharine If, &c.) 

The naval stations' in the Black Sea are at Nicolaieff and Sebastojiol. 
Another station is shortly to be located at Novorossijk (New Russia , 
the site of which is in the province of Oircassia, and within 50 miles of 
the strait between the Black Sea and the Sea of Azov. The dock-yard 
at Sebastopol is being rapidly reconstructed to its former importance. 
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and two irou-clads the Sinope and Tchesiue, of S,oOO toQS, are la course 
of constructiou ander contract. Their dimensions are : Length between 
perpendiculars, 314 feet ; breadth, 69 feet ; depth from upper deck, 42 
feet ; meau draught, 25 feet. They will be twin screws, with engines 
of 9,000 indicated horse-power and a speed of 14 knots. The armor for 
the side and barbettes weighs 2,192 tons, and is being delivered, one- 
half by Brown & Co., of Sheflield, the other half by the Baltic Engineer- 
ing Works of St. Petersburg. The armor extends from stem to stern, 
and is of 18 inches maximum thickness, on the barbettes 14 inches, and 
the protective deck is 3 inches thick. The engines for the Tchesme are 
being built in Belgium, and those of the Sinope by jS^apier, Glasgow. 

The armament will consist of six 12-inch guns on the disappearing 
principle, mounted in pairs at the corners of a large triangular breast- 
work or barbette. This stands on top of a rectangular citadel, which 
protects the hydraulic machinery for working and loading the guns; 
five torpedo tubes and an assortment of machine and light guns com- 
plete the armament. The cost of these vessels is given at 3,217,500 
rubles, both ships to be ready for delivery before the close of 1886. 

At Nicolaietf two still larger ironclads, Catharine II and another 
uot yet named, are being I uilt. The Catharine II will be of 9,090 
tons displacement, 320 feet long between perpendiculars, or over all 
341 feet 9 inches, 69 feet broad, and 25 feet mean draught. The engines 
are of the same horse power as those of the Tchesme, and are being 
built at the Baltic Works, St. Petersburg. 

In these vessels, as in the corvettes already mentioned, the Russian 
Government exhibits its determination to develop the nationjil resources 
of shipbuilding material. Kussiau steel and Russian wood are eni- 
j)loyed exclusively, and vessels have lately circumnavigated Europe 
from Archangel to Nicolaieti" with cargoes of ship-timber. 



FBAKCE. 

There are tive dock-yards in France, in the fallowing order of im- 
portance: Cherbourg, on the English Channel; Toulon, on the Med- 
iterranean ; Brest, near the English Channel ; Lorient and Rochefort, 
on the Bay of Biscay. They have collectively an area of over 900 acres, 
contain twenty-four stone dry-docks, and are complete in all the require- 
ments for buiiding, repairing, fitting out and preservation of ships, and 
the manufacture of the stores and articles required for a Jiavy. The 
(| nays, basins, and slips areof the mostsubstantial character, which if du- 
plicated in the United States would require decades and several hun<lred 
millions of dollars. In France, convict labor has been largely utilized 
in such national work, while besides, the wages of free labor are suf- 
ficiently low to accomplish a great deal of work at an outlay which in 
this country would be regarded as insignificant. Ship-building for the 
navy is chiefly done at the dock-yards. Of the fifteen ironclads build- 
ing and completing at the present time, only two are by contract, and 
nearly all the machinery is built at tbe Government machine shops at 
Indret. The number of men employed has averaged 25,000 for ten 
years past, the number being 22,850 during 1884, at an average per diem 
of 52 cents, which is somewhat less than tlie, wages paid by private 
firms. The total amount to be sj^ent on shipbuilding for the current 
year is $6,750,000. 
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LORIENT. 

(Iron-clads Hoche^ Formidable, Brennus, Indamptable, Etoile; armored gunboat 

The dock-yard of Lorient is at the northern part of the Bay of Biscay^ 
and is situated between the rivers Blavet and Scorflf. Its environment 
strongly resembles that of Portsmouth, N. H. In common with other 
French naval establishments, it is also a military station, the general 
term of arsenal being applied to the property occupied by both divis- 
ions of the service. The dock-yard is situated on both sides of the 
river, communication being effected by cheap floating bridges. The 
area is about 120 acres, that upon the west side being much the larger 
(see accompanying plan). On this side are the principal shops and two 
dry-docks of moderate capacity. The east side contains the building 
yard, in which there is ample slip accommodation for building a whole 
fleet of vessels at once. None of the berths are covered by permanent 
ship-houses. An extemporized structure is usually erected over the 
vessel in process of construction. Such houses are necessarily con- 
tracted and very poorly lighted. Two shops, respectively 492 feet by 
164 feet, and 230 feet by 230 feet, contain the furnaces and the ship- 
building tools. The latter are well selected, and of their character I 
shall have occasion to speak under another head. In this portion of 
the yard there are also a spar-shed and a pond for masts. 

Three powerful vessels are building at Lorient — the Hoche, the Formi- 
dable, and the Brennus. The first two are well advanced. 

THE HOCHE. 

The Hoche is a fully- rigged twin-screw ship, of 9,864 tons displace- 
ment, 328 feet long on the water-line, 64 feet 5 inches beam, and ^ feet 
3 inches hold. The draught will be 27 feet 2 inches. Her estimated 
speed is 16 knots. The coal capacity is 800 tons, and the steaming 
endurance is 3,500 knots, at 10 knots speed. The armament will be 
three 13f-inch B. L. R., in three barbettes, and eighteen 5J-inch guns 
unprotected. The armor, which varies from 17f inches to lof inches, 
is of compound plates. 

THE FORMIDABLE. 

• 

The Formidable, a twin-screw barbette and broadside ship, is the 
most powerful vessel of the French navy, having a displacement of 
11,441 tons. She is fully rigged, and has a length of 319 feet 6 inches^ 
a breadth of 68 feet 3 inches, and a mean draught of 26 feet 2 inches. 
Her side armor ranges from 21f inches amidships to 15 inches forward,, 
and 13J inches aft. The barbettes are 17 inches, and the deck armor 
varies from 4 inches to 3 inches. She will carry three guns, variously 
stated at from 75 to 100 tons, and twelve 5|-inch guns and eight 
machine guns. The estimated speed is 15 knots. She will probably be 
launched in 1885. 

THE BRENNUS. 

The Brennus will be a fully-rigged barbette and broadside ship, pro- 
pelletl by twin screws. The displacement is 9,780 tons at 25J feet 
draught. The water-line armor is 17J inches, and the aripament con- 
sists of four 48-ton guns, B. L. li., and numerous light guns. The 
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ivstimated speed is 16 knots. She will be built wholly of steel, the 
8liips jnst mentioned being part steel and part iron. The keel had 
not been laid at the time of my visit, although the blocks were pre- 
pared. An experiment was in progress to determine the advisability 
of fitting three screws instead of two. The model for this purpose, 
made on a scale of one tenth, and provided with engine and boiler 
and three two-bladed screws, was inspected. It presents the full 
U-shaped frames forward and hollow buttocks aft, which are character- 
istic of French practice. All of the ships just mentioned are remark- 
able for their extreme tumble-home of sides and very projecting rams. 
The stems are carried out to a perfect knife edge, and are weak on ac- 
count of their excessive protrusion. 

Several small vessels were building at Lorient, some composite and 
others wholly of wood. One of the former, the Etoile, was constructed 
on the same method as the English composite vessels already described ; 
her frame, however, was of channel bars, a shape much used by the 
French not only for frames, but for beams and even for stanchions. 
The use of this section secures lightness, just as the Z bars do, now 
so largely employed in English war vessels; and it is doubtless a more 
convenient shape to work on the slab, but the beveling must inevita- 
bly be bad, owing to the rounding of the flange, which is bent inward. 
Channels are, moreover, a more difficult shape to roll, and facility in this 
respect is likely to be purchased at the expense of a proper depth of 
flanges, or by giving them an excessive draught or taper. 

A large sailing vessel of wood was on the stocks', intended, I undfer- 
8tand, for a school ship. 

THE INDOMPTABLE. 

The Indomptable, launched in 1883, was receiving some of her armor. 
She is a twin-screw barbette ship of 7,184 tons, drawing 23 feet 6 inches. 
This coast-guard ves&el is 279 feet long ; 59 feet beam ; and 24 feet 7 
inches, hold. ^ The water-line armor is 19f inches, and that on the bar- 
bettes 17 J inches. She will be armed with two 16|-inch guns of 75 tons 
each and sixteen light guns. The heavy guns are disposed in two bar- 
bettes, with a superstructure between them, as in the GoUingwood and 
her class. The complement is 300 men. The engines will indicate 4,800 
horse-power and give a speed of 14J knots. The coal capacity is 500 
tons. Iron and steel enter into the construction. She has no rig, two 
signal masts only being fitted. 

THE FUSEE. 

The Fusee, a barbette gunboat of steel, launched in 1884, was com- 
pleting and calls for some description. Her dimensions are : Length 
between perpendiculars, 16') feet; breadth, 32 feet 9 inches ; depth of 
hold, 10 feet 4 inches, and displacement, 1,028 tons on a draught of 10 
feet 4 inches. Along the water-line extends a very narrow belt of 9.45- 
inch armor ; at the top of this a protective deck is worked, and for 2 
or 3 feet above the side is protected by an asbestos cofter-dam. Above 
this again the side tumbles home quickly and rounds into a sort of dome 
or roof, of thin plating, which covers the vessel forward and aft, and 
from which the barbette emerges forward by about a foot. In the 
space between the armored deck and the roof the quarters are located. 
The armor on the barbette is 3.28 inches thi'^.k. The barbette mounts 
one 10.63-inch, 27-ton gun. Beside this heavy gun the vessel also carries 
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one 90-millimeter aft, aud two37-milliineter Hotclikiss guns, onoJ 
latter on the signal mast and the other in the conning tower. Thej 
has twin-screw engines of 1,500 indicated horsepower, collectiveli 
is expected to make 14 knots. She carries 46 tons of coal, and! 
complement of 70 men. The cost of hull and outfit is $216,000; euj 
$105,000 ; armament and stores, $19,600. There is no rig except af 
pole. She is rated a second class gunboat. The first class is of| 
tons displacement and carries .200 tons of coal. 

BREST. 

(Iroii-clads Xepfune, Amiral Baudtn, Devastation ; the nnarraored cruiser Sfax, \ 

The dock-yard at Brest is situated at the month of a small inle 
the north side of the Bade de Brest. On the east side of the tol 
the commercial harbor, protected by a breakwater ; to the we8l| 
arsenal, which occupies both sides of the inlet just mentioned, up 
it extends for a distance of a mile or more. The situation is a pec^ 
one. The surrounding country being high, the dockyard is narro\" 
very long, and the shoi^s and stores are placed at diflt'erent elevati 
on the precipitous sides. Although several floating bridges are 
vided, the long and narrow character of the yard makes some por 
of it rather inaccessible. The area is stated at 145 acres. The 
docks and some ol the smaller building slips are on the western 
on which are also the machine shops, situated on an elevated ter 
from w^hich a large stone arch has been sprung out to the water's 
and fitted wuth a powerful crane for handling the machinery of vesa 

The larger building slips and the shops containing the ship tools] 
well up the inlet on the east side. Great additions had recently 
made to this department, and the new and extensive buildings 
being stocked with superior tools. A general plan of the yard is 
sented, but it does not show some of the latest improvements. 

THE NEPTUNE, 



The ^N'eptune, a full-rigged, twin-screw barbette ship, was complet 
plated, and was under one of the improvised ship-houses already spoli 
of. This ship, which will be launched during the present year, is bo 
of iron and steel, and has a displacement of 10,375 tons on a mc 
draught of 25 feet 3 inches. Her water-line armor, which w^as beii 
taken off in templates at the time, will be of compound plates of l1 
inches maximum thickness. There will be three barbettes, each co 
taining one 40-ton gun, protected by 15|-inch compound plates. Shi 
will also carry eighteen 5J-inch guns. The estimated speed is 16 knot&JI 
The coal capacity is 800 tons, and at 10 knots' speed she is expected to| 
steam 3,500 knots. 

THE AMIRAL BAUDIN. 



\ 



The Amiral Baudin, launched June 5, 1883, was approaching com- 
pletion. This twin-screw barbette ship is a very powerful vessel of 
nearly the dimensions of the Formidable, building at Lorient, having 
a displacement of 11,380 tons on 25 feet 9 inches draught, and the same 
armor, armament, and power. 
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THE DEVASTATION. 

The Devastation was at the quay, ready for sea, about to depart for 
China. This fine casemated barbette ship was commenced in 1876 and 
launched in August. 1879. In accordance with the French practice of 
that period, the frames are of steel and the plating of iron. The dis- 
placement on a mean load draught of 24 feet is 9,639 tons. The water- 
line armor is 15-incb ; that on the casemate is 9^-inch. She carries four 
32-centimeter guns in the casemate; two 27-centimeter guns in half tur- 
rets and six 14-centimeter guns. The complement is 600 men. Her twin- 
screw engines develop over 6,000 indicated horse-power, and give a 
speed of nearly 15 knots. The coal capacity is 600 tons. She is ship- 
rigged, and has a large spread of canvas. 

TheTempete and Tonnerre, coast-defense vessels of the turreted typCt 
were also visited at this yard. 

THE SFAX. 

The Sfax, an unarmored cruiser, launched May 26, 1884, was fitting 
out for service on the coast of Tunis. As long ago as 1872 one of the 
chief constructors designed and suggested a corvette of this class a«. 
more economical and quite as efficient as the frigmtes Duquesne and 
Tourville, which were imitations of the Inconstant and Shah, of the 
English navy, these latter again owing their construction to the Wam- 
panoag and class of the United States. Berlin's ideas were followed in 
the Sfax, which is admitted to be of far greater military value than the 
Duquesne, although of 1,280 tons less displacement. The hull of the 
Sfax is built entirely of steel, wood sheathed and coppered. She has a 
steel deck, 1.57 inches thick, over the machinery, boilers, magazines^ 
&c. Between this and the gun-deck the space is divided into water- 
tight cells by means of seven longitudinals and sixteen athwartship 
bulk-heads, the spaces serving as coffer-dams, coal-bunkers, and store- 
rooms. 

The principal dimensions of the ship are as follows : 

Length between porpendiculars feet.. 289f 

Extreme breadth do . . . 49^ 

Depth in hold to protective deck do... 20f 

Mean draught do.. . 22ii 

Trim do... ^ 

Area of immersed midship section . . . ^ square feet . . 820 

Displacement tons.. 4, 428 

The armament consists of guns of the 1881 model, of which six 16-cen- 
tinneters are carried on the spar-deck, four in half turrets, and two in re- 
cessed bow-ports nearly abreast of the foremast. On the gun-deck are 
ten 14-centimeter guns. The lighter armament is composed of eight 
machine guns. 

The two engines are separated by a longitudinal water-tight bulk- 
head. The propellers have a diameter of 17 feet 7 inches, and a i)itch 
of 20 feet 10 inches. With 90 revolutions, under forced draft, a speed 
of 16f knots and 7,500 indicated horse-power is anticipated, while un- 
der natural draft a speed of 15 knots with 5,000 horsepower is ex- 
pected. The boilers are cylindrical, six in number, each having two 
furnaces, with a total grate surface of 537.3 square feet, and a heating 
surface of 18,807 square feet. The ordinary coal supply is 536 tons,, 
which, however, can be increased to 800 tons, suflScient to take the ves- 
sel 6,200 miles at a speed of 10 knots. 
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The chief comiionent weights of the displacement are : 

Hall, includiug the protective deck 

Armament 

Engiues and boilers 

Coal 

Riffg^^K *u^l boats 

Crew, provisionst &c 

Filling of coffer-dam M^ 

Total 

The surplus of 20 tons goes to fittings for torpedo-tubes abot 
below water. The Sfax is full rigged. The cost of hull was 2,01 
francs, of which 1,075,925 was for material ; and the total cost rea 
flea- will be about 5,000,000 francs, or $950,000. 



CHERBOURa. 

(Ivoii'GlskdB FurieuXy Amiral Vauban; corvette Duhardieu ; small gunboat( 

Cherbourg is the most imposing of the French dock-yards ; 
a number of basins and dry-docks it more nearly resembles Portsu 
or Devonport. It kas an exposed situation and is entirely an ar 
port. A very expensive breakwater, defended by fortifications, pr 
it from the sea. The land approaches are also strongly forti 
Neither the port nor the dock-yard can be said to have nat iral i 
tages. They owe their present position to Napoleon I, under 
direction many of the present works were begun and prosecuted : 
face of great difficulties and at enormous cost. The area is stat 
256 acres, comprising, besides numerous buildings and shops, eld 
slips, eight dry-docks, and three basins. The latter have been 
vated from the solid rock and are faced and coped with massive j 
ite. Some of the slips have permanent ship-houses. 






THE FURIEUX. 



In one of the dry-docks the Furieux was receiving her armor; to fi 
tat« this work the dock had been substantially decked over at the hei, 
of the armor shelf and a railway laid for transporting the plates oi 
truck. This ship was launched in 1883. She is a single-screw t 
ship, with a displacement of 5,605 tons on a mean draught of 23 
9 inches. The water-line armor is 17f-inch compound plate, and ^o 
single turret will have 13-inch compound armor and will contain 
4:8-ton guns. Her engines are to develop 3,500 indicated horse-po 
and the speed will be about 12 knots. She will carry 290 tons of 
The complement of men will be 103. This ship i« built of iron 
flteel. 

Several lightly framed gunboats, of 300 or 400 tons, were constn 
ing, and a very remarkable single-screw wooden ship of 3,354 tons 
placement, called the Dubardieu, which has since been launched, 
is 253 feet long, 47 feet beam, and 23 feet draught. The frame and si 
of the ship are of wood ; the bulkheads, hat<5h coamings, and beams 
of iron, the latter attaching to the side by an iron shelf plat« and augli 
clips. The battery will consist of twenty-two 6-iuch guns and four 
inch, besides revolving cannon on the spar-deck. Her three-cyliudei 
compound engines, now being made at Creusot, will indicate 3,300 horse- 
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Bat this anassisted ventilation, of course, applies only in small ves- 
sels where blowers cannot be conveniently employed. In mechanical 
ventilation I have found nothing superior to that now used on American 
war vessels ; and in the matter of air ports, to which I paid special at- 
tention, I saw nothing as good as the Wilson port. Air ports on all 
the older ships abroad are very small ; it is only on those of most recent 
date that the ports are of respectable dimensions. Air-port casings 
were found in some instances to be stamped from thin steel, and this is 
a considerable improvement, and one whose adoption in iron and steel 
vessels I should recommend. 

Thin steel is largely used as ceiling, both in the space devoted to quar- 
ters and other portions of the vessel. As it is usually worked verti- 
cally and tapped to the reverse frames, it gives ready accessibility for 
inspection and cleaning of the skin. Of the method of working wooden 
ceiling in panels, to attain a like end, I have spoken in my remarks on 
the British Admiral Gloss. 

Many boats in the British navy are built wholly or in part on the di- 
agonal system ; thus, a launch will be constructed of two half-inch 
thicknesses of teak, fastened through and through with copper nails. 
Such boats are without frames, except a few floors, which are worked 
in to give connection across the keel. They are light and have an elas- 
tic strength, due to their peculiar construction, which cannot be ob« 
tained in any other way. When floished the fact that they are diago- 
nally built is not perceived except on close examination. Those boats, 
which are built diagonally above and fore and aft on the outside below, 
as many are, seem to me to possess less merit, and when injured must be 
difficult to repair. Great numbers of boats for the royal navy are 
built by Mr. White, at Oowes, whose life-boats are well known. In the 
latter the air-tanks at the sides are built of two thin layers of mahog- 
any with painted muslin laid between them. 

Mr. White is also patentee of a large life-boat, with which some of Her 
Majesty's ships are fitted. It is carried thwartships on a pair of launch- 
ing- ways, arranged to be inclined by a hand wheel. The boat is launched 
clear of the ship^s side at once. It Alls, of course, but immediately clears 
itself, as the bottom is double and provided with drain valves. As a 
means of saving life, a boat which can be launched instantly, without 
danger of being stove, has been a long-sought desideratum. These boats 
are diagonally built, 40 feet in length by ]0 feet in breadth, and are 
capable of carrying one hundred and fifty men. They have been fur- 
nished to the troop-ships and other vessels. The Polyphemus has two 
of them. In the English dock-yards numerous collapsible boats were 
seen. They are patented by the Rev. E. L. Berthon, of Romsey, in 
Hampshire. Their construction combines buoyancy, strength, and por- 
tability. When folded they may be stowed very snugly, and on this 
account the smaller sizes are applicable on board torpedo-boats. The 
frame consists of a keel with stem and stern posts, and about three seg- 
ments or planes of elm plank hinged to the heads of the stem and 
stern posts on either side. Canvas is stretched over these ribs, both 
inside and out, forming, when the arrangement is distended, a double- 
skinned boat, not unshapely, which can be closed up like a book. They 
are manufactured by the Berthon Boat Company, limited, Romsey, in 
various designs and sizes. Some very large ones were noticed, and they 
have been furnished to the French Government, with a displacement of 
5 tons. When made of this size they are said to be less than half of the 
weight of wooden boats. The dinghies for torpedo-craft are 12 feet 
long, 4 feet 2 inches wide, and 1 foot 9 inches deep; when folded they 
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can be passed through a hole 13 inches lon^r by 6 inches wide. They 
can be opened and launched in less than a minute and carry six or eight 
men. Berthon boats have been furnished to almost all European gov- 
ernments. They are an acquisition to exploring parties. Sir George 
Nares took them to the Arctic in 1874 and 1875. More recently they 
were carried by Leigh Smith in the Eira Relief Expedition and Gordon 
Pasha took them to the Soudan. 

In boat davits and detaching fjear nothing was noticed which calls 
for special mention or was any improvement upon the American system 
as now in use. 

In grouhd tackle the Martin anchor seems to hold the preference for 
war ships; the Martin was more numerous than any other type, both 
in the British and coutiuental navies. I have already alluded to the 
improved mode of working and stowing anchors as illustrated by the 
Biachnelo. 

In the important matter of pumps and drainage no particular novel- 
ties were observed. In double-bottomed vessels the system of large 
drains, with screw-down and nonreturn valves, now being fitted on the 
Chicago, is ct)mmon. The Stone and Dounton pumps are universal as 
hand pumps, and are used for the bilge and double bottom and for fire 
purposes. The Stone pumps have recently been the subject of improve- 
ments, whereby the number of the moving parts has been reduced and 
the construction simplified. Instead of three x>istons, two only are now 
fitted, and they are without valves, the absence of which is a desider- 
atum. The valves are all accessible without removing the pistons. The 
piston-rods are concentric, and one works through the other. Two pis- 
tons, as now operated, displace double the cubic inches swept by the 
three pistons of the Dounton. The whole contents of the barrel are 
discharged twice at each revolution, instead of once as in the older 
pump. No foot-valve is required. I transmit a sketch of this improve- 
ment. Fire mains are fitted in all foreign vessels of importance, and 
vary from 3 inches in the smaller ships up to 6 inches in the largest 
ones. They usually extend through three-fourths of the vessel's length. 

The water-closets adopted by the British navy are the Stone's patent, 
and they attracted my attention as a superior fitting. They have double 
valves, and, as both valves cannot be open at once, any wash of the 
sea into the pan is impossible. There is also a good arrangement, by 
the same makers, for situations where the closet is placed below the 
water-line, in which case no supply-tank is required, and the water may 
be drawn directly from the sea. 

Almost all vessels building or refitting were about to be provided 
with the electric light. The incandescent lamps are now of course pre- 
ferred for internal lighting, although older illuminations are entirely 
on the arc system. The Inflexible was the first of Her Majesty's vessels 
to receive the electric light. She had thirty-three Brush lamps distrib- 
uted between decks generally and in the fire and engine rooms. The 
Edison system was observed on the Indian troopers, an extensive illu- 
mination, supplied by dynamos of several patterns. In the Polyphemus 
two Siemens dynamos were found, driven by Brotherhood engines. 
This ship has two hundred and twenty Swan incandescent lamps, and 
a yard-arm reflector containing eight incandescent lamps of 60-candle 
power each. Either dynamo will produce an arc search-light of 25,000 
candles. The single-wire system has been employed on this vessel, the 
circuit being completed by the ship. 

The Colossus is fitted for both arc and incandescent lighting, being 
provided with three of the Brush Company's Victoria machines. One 
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dynamo is of snfiicieDt capacity to run all the lights iu the engine and 
fire-rooms and the fighting parts of the ship, while the others can be 
concentrated on two powerful search-lights. One search-light is of 
coarse all that is requisite, and one of the machines is to be regarded 
as a relay in the event of a breakdown. Coulomb candle-lamps were 
used in the between decks of the Dreadnaughtfor her present commis- 
sion, although a complete illumination was contemplated and would 
have been fitted had more time been available. 

The Victoria dynamo is highly commended where lights have to be 
worked on both systems. Its armature, being" of large diameter, per- 
mits the necessary circumferential velocity to be attained without driv-. 
ing the engine at an undue speed. D Gramme machines have recently 
been fitted on several British ships, but have not given perfect satis- 
faction. It is' said that a few hours' running develops so much heat 
in the generator as to seriously interfere with its efficiency. 

A recent authority states that the following machines have been spe- 
cially arranged for use on ship-board ; the Siemens, the Edison, the Ed- 
ison-Hopkinson, the Victoria, the Feranti-Thompson, and the Pilsen- 
Shuckert. The revolutions vary from 400 to 650. 

The requirements of electric lighting have developed a number of 
special engines adapted to run at high speeds. On these the perform- 
ance of the dynamo very much depends; and it is essential that the gov- 
ernor should be-exceptionally sensitive and reliable. Electricians state 
that variations exceeding 5 per cent, of the speed are inadmissible. 
Brotherhood's engines are probably the most employed, but there are 
many makers of high-speed engines in the field. The Brotherhood and 
Westinghouse engines are usually direct driving; others connect by 
belting gears or ropes; Siemens uses an ingenious arrangement of 
friction gear. 

The advantages of electric lighting on ship-board are so obvious that 
it seems unnecessary to dilate upon them. Thej' have been summa- 
rized by Mr. Andrew Jamiedou as follows : 

(1) Electric lighting on the incandescent system, when properly fitted, is more 
healthful, cooler^ more easily handled, and more artistic than any other mode of 
lighting ; there la no smell, and no products of combustion to tarnish gilt-work ; it is 
more agreeable in every way than any of the older methods of illumination. 

(2) The danger of fire is less, as neither matches nor lighted tapers are required. 

(3) The daily cleaning and replenishing of lamps, as well as the keeping in store 
of highly inflammable oils, paratfine, or candles can be to a great extent dispensed 
with. 

(4) The expense of maintenance is not much in excess of that of other methods of 
illumination, in some cases less, while the space occupied by the plant is not great, 
and its position in or near the engine-room causes no annoyance. 



TORPEDO-BOATS. 



The extraordinary development of this class of vessel, occurring within 
the past six or seven years, has been the most conspicuous feature of re- 
cent naval architecture. So essential are torpedo-boats now considered, 
that no European navy of note has a flotilla of less than fifty, while the 
stronger powers have fleets of a hundred or more. Coasts have been 
divided into torpedo districts, each with its complement of boats, and 
the crews, thoroughly organized, are kept continually exercised in the 
management of their vessels and drilling in the use of the arm. 

The proportions of framing and thickness of plating which was at 
first adopted remain almost the same, any further attempt to minimize 
scantlings being quite impracticable. Indeed, in Germany and France 
a reaction may be noticed in favor of more substantial proportions, even 
at the cost of reduced speed. Many of the boats examined in those 
countries had plating double the thickness of that in the vessels of 
Messrs. Thornycroft and Yarrow. The establishments of these gentle- 
men on the Thames, near London, were visited, and a number of pho- 
tographs of their later productions accompany this report. 

Their practice presents many points of similarity. Some difference 
of external appearance is due to the fact that in Thornycroft's boats 
the whole width of the vessel is utilized as deck space, while Yarrow's 
deck rounds down at the sides, leaving only a gangway amidships. 
Their practice also diverges as to the machinery and the position of the 
propellers. The wheels of Thornycroft's boats are invariably three- 
bladed; the blades being of mild steel, forged to a template and then 
keyed to the boss, which is slotted out for their reception, as shown in 
the sketch. He always places the wheel forward of the rudder. Yar- 
row places the propeller abaft the rudder, makes it two-bladed, and 
forges the blades and boss from one piece of steel. He also provides 
the boats with two rudders, the forward one being contrived to draw 
up into a well. This means of steering is very efficient when the vessel 
is backing and the after rudder has lost its control. The boats of both 
builders have a turtle-back forward, which at its after end terminates 
in a pilot-house, where the mechanism for discharging the torpedoes is 
under the immediate control of the commanding officer. The turtle-back 
serves to house the torpedo, tubes, and gear. All recent designs have 
been provided with rams, these being considered a desirable means of 
offense in actions of torpedo-boats against each other. 

A torpedo-boat requires many special fittings, most of which are 
characterized by much ingenuity ; thus in the pilot-house the small 
glass windows have on the outside a wiper, worked from within, the 
action resembling that of an eyelid, and the purpose being the removal of 
spray, which gathers on the glass. The larger boats all have a special 
steam steering-gear ; one designed by Mr. John Donaldson, of Thorny- 
croft's, being considered worthy of special mention. There are often 
eight or more compartments, and the bulk-heads are fitted with water- 
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tight doors and sluices, the latter being controlled from the deck. The 
deck itself is covered with a preparation of cork resembling linoleum, 
which affords a secure footing, and adds but little weight. There is 
usually a light anchor and chain ; also a collapsible boat. 

The shops of Thorny croft and Yarrow are very interesting places. 
Their tools generally are first class, and the machinery of the boatB is 
turned out with the'most scrupulous care. Thornycroft occupies a large 
property at Chiswick, only a portion of which is now used by the works. 
The hulls of the boats are built under a large shed, roofed by arches of 
corrugated iron disposed in a number of bays, resting on posts; the 
whole forming an inexpensive but very suitable building for the pur- 
pose. 

Torpedoes have usually been forced from the bow tubes by compressed 
air, but within the last few years many boats have been supplied with 
the steam impulse gear of Mr. Yarrow, the object being the reduction 
of weight of the air-compressing machinery. The accompanying photo- 
graph of an English second-class boat, built last year, illustrates the ex- 
ternal appearance of this launching gear. The torx)edo, whicb is 14 feet 
in length and 14 inches in diameter, is mounted on a slide and propelled 
by a steam piston 6 inches in diameter and 7-foot stroke. The exhaust 
goes to the condenser. A launching velocity of 25 feet per second is 
attained. The davit method of launching, by which the torpedo is 
Bimply lowered over tbe side of the boat in a sort of cradle from which 
it is then detached, meets with the serious objection that the torpedo 
boat must be nearly stationary before the gear can be used. Many of 
these cradles, however, are still in use in the British service. Experi- 
ments have lately been in progress with a view to supersede both steam 
and compressed air and eject the torpedoes by small charges of gun- 
powder. 

The building of the Batoum, in 1880, gave rise to altogether a new 
type of vessel, the small torpedo-cruisers — boats having a displacement 
50 or 60 tons, with a coal endurance for a voyage of from 1,200 to 1,500 
miles, manned by a crew of from ten to fifteen men and costing about 
$60,000. In some vessels for the Argentine Confederation, the Ohilders 
for the British colonial government, and the Suchum, this type was 
much improved. The latest and largest vessel of this class, possessing 
also the greatest coal endurance, is a German boat built by Yarrow. 
She is 120 feet in length by 13 feet 6 inches beam. She is capable of 
19 knots, and, at low speeds, can travel 1,800 miles. 

At the time of my visit Messrs. Yarrow & Co. were completing two 
first-class boats for the British Government. They are 113 feet long 
by 12J feet beam. The speed in the fully equipped condition is 18 
knots. They carry two torpedo guns and a revolving torpedo gun aft. 

Of the sea- worthiness of such boats there can no longer be any doubt; 
their long voyages, in some cases under steam and in others under sail, 
to Rio Janeiro, Buenos Ayres, and the Black Sea, have conclusively 
demonstrated their ability to survive very severe weather; and lately, 
during an evolutionary cruise of the French Mediterranean squadron, 
the torpedo-boats were able to keep the sea while the Toiiuerre and Ven- 
geur, large ships, were compelled to seek shelter from the violence of 
the gale. But for a cruising torpedo-boat the dimensions should not be 
less than 100 feet length and 12 feet 6 inches beam, experiments having 
(Shown that less breadth involves a degree of instability from which 
danger may be apprehended. When these vessels are shut down for 
heavy weather, no water can enter except through the ventilator or tho 
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smoke-stack ; all the hatches close on gam, and are arranged to be 
thrown open, when released, by springs below. 

The defensive value of a fleet of cruising torpedo-boats can hardly be 
overrated. No blockade can be maintained in their presence; yet if 
properly supported by tenders with coal and supplies, they form of them- 
selves an efficient blockading force. The cost of one such boat, com- 
pletely equipped, is from $60,000 to $65,000 ; they require from ten to 
fifteen men, and I do not tbink the same amount of money and life can 
be exposed in any other way to secure the same defensive efficiency. 
To operate to greatest advantage they must attack in numbers; it is 
not sufficient to supply each port with one or two. It is probable that 
in the future no iron-clad will venture to attack a port without the as- 
sistance of a torpedo flotilla equal or superior to that possessed by the 
enemy; and in engagements between iron clads the main battle will 
naturally be preceded by a combat between the respective torpedo-boats. 
In such a case the necessity becomes ai)parent for an excellent machine- 
gun armament on the boats themselves. 

The failure of the Admiralty to provi<le a larger torpedo fleet has met 
with much animadversion from the British ])re8S and public. At present 
there are said to be twenty-four first and fifty-three second class boats. 
A recent speech in the House of Commons gives : • 

r^««f,5^= ' J^^"* Second 

France , 50 32 

lUly I 43 ; 20 

Denmark ' 5 5 

Bnesia 10 ' 90 

Germany I 81 3 



These figures are differently stated by various authorities. Under a 
vote of credit of £480,000 Germany has recently ordered an addition of 
seventy boats. 

Until lately the large cruising torpedo-boat has been quite ignored 
by the British service, although they have been turned out on the 
Thames so frequently for foreign Governments. There is a wide-spread 
opinion that the second-clnss boats are too small to be of much use and 
too large to be easily handled; launching them from a vessel, except in 
fine weather, being an impossibility. It is thought that the attempt to 
carry them on menof-war had better be abandoned in favor of a smaller 
boat of general utility. Within the last year the 45foot and 56-foot 
wooden boats, furnished by Mr. J. S. White, of Cowes, have been fitted 
on several of Her Majesty's vessels and have met with favor, as they are 
found capable of performing many duties beside torpedo service. Pos- 
sessed of high speed, they aie also exceedingly handy ; and, having the 
after dead wood cut away and being fitted with double rudders, they 

•The very seriouB aHpect which the KuHSO-Afghan question assumed in April last, 
when it was thought that a war between Great Britain and Russia was inevitable, 
cansed the British Admiralty to increase the fleet of torpedo-boats. An order for 
twenty-flve torpedo-boats of the first class was given to Thornycroft, and upwards of 
2,000 men were set to work to fill the order. The boats are 125 feet in leuf^th, 12 feet 
8 inches beam ; and draw 6 feet aft, when completely fitted. They are built entirely 
of steel, and will have fourteen water-tight compartments. The coal capacity is 20 
tons, sufficient to take the boats 2,000 miles at a speed of 8 knots. The coal wiU be 
stowed in bags alongside of the boiler, so as to aflford the latter some protection. 
They have a single screw, and the maximum speed is 20 knots. The boat« will be 
fitted with five torpedo tubes, two forward, one on each side of the conniuff tower, 
two astern, and one masked in the ram. The other armament will be two Norden- 
feldt ^uns, 
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have turned in circles of from two to two and a quarter boat lengths in 
diameter. Thus far they have only carried spar-torpedoes, or dropped 
the Whitehead from the side; no impulse gear has been applied. 

A quick-firing shell gun, which is carried forward, is an important 
feature of the equipment. I append a drawing of one of the 56-foot 
boats which illustrates the peculiarity of the rudders. The skin is made 
up of three layers of mahogany, and the frames, which are bent, are of 
American elm 1" by |", spaced 10 inches apart. Two of the thicknesses 
of planking are diagonal, and five sixteenths inch in thickness. The 
third is arranged fore and aft and is three eighths inch thick. No 
calking is employed; instead, calico soaked in marine ghie is worked be- 
tween the planks, which are clenched together by copper nails. It will 
be seen that this construction is very strong, while the material used is 
very light ; moreover the boats are always tight though exposed to ex- 
treme variations of temperature. The decks are double planked with 
calico between, payed with marine glue. And the air-tanks, which are 
arranged along the side, are similarly put together, the thickress of each 
of the two lajers being one-fourth inch. 

Twelve hundred-weightof coal can be carried in the regular bunkers^ 
but nearly twice as much more can be taken, when necessary, in bags. 
Twelve hundred-weight is suflicient for 120 miles steaming at 10 knots 
speed. The size of the engine and other interesting particulars are to 
be found in the results of a measured mile trial in Stokes Bay. 

Measured mile trial of Her Majeeiys^ torpedo-hoat, xcoodj No. b, full powtr. 

Date Diceniber lU, 1883. 

Length feet . . 5G 

Breadth do... 10 

Draught, forward do. .. 1+^ 

Draught, aft do... 4^ 

Where tried measured mile, Stokes Bay. 

Average boiler pressure pounds . . I'2t5 

Meau pressure of air in stoke hole inches W . . 2. 75 

Average vacuum in condenser inches. . 28 

Barometer do :^0. 33 

Mean revolutions per minute 3tl.'S. 03 

Mean pressure in H. P. cylinder : pounds.. 51.65 

Mean pressure in L. P. cylinder do 22. 78 

Mean pressure in receiver do 39.33 

Mean I. H. P., H. P. cylinder 67. 6^ 

Mean I. H. P., L. P. c>liuder 74.37 

Total 142.00 

Speed kuots. . 15. 56 

Force of wind 1 

Direction of wind ahead and astern. 

Sea smooth. 

Coal on board cwt . . 6 

Description Nixon's Navigation.. 

Inverted compound condensing engines : 

Diameter H. P. cylinder inches.. 9.5 

Diameter L. P. cylinder do 15 

Stroke do 9.5 

Grate 2 feet 7.5 inches by 2 feet 8 inches^ 

Single propeller, four-bladed : 

Diameter feet.. 3 A 

Mean pitch ^ do 4ff^. 

Greatest length inches. . 7-^ 

Immersion of upper edge do 9^ 

Area of main rudder square feet. . 8 

Area of auxiliary rudder do 4 
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CIRCLES AT FULL POWER. 

Angle of rudder : To starboard, 45 degrees ; to port, 45 degrees. 
Full circle made in : To starboard, 38 seconds; to port, 37 seconds. 
Revolutions per circle : To starboard, 1H2 ; to port, 177. 
Diameter of circle in boat lengths, 2 to 2^. 

With regard to the future development of torpedo-boats, the author- 
ities seem uncertain whether it is desirable to apply armor, or rather 
protective plating. The slightest addition of weight is severely felt by 
these small vessels. Experiments have shown that at the higher speeds 
every ton added above the normal draught cuts down the speed at the 
rate of one-fifth knot, and in attempting an armored design we quickly 
find that the displacement grows rapidly, and that greatly augmented 
power is necessary to propel the increased displacement. Amid these 
cumulative considerations the vessel acquires dimensions altogether at 
variance with the nimble and wasp-like character proper to a torpedo- 
boat. 

As an essay in this direction Mr. Yarrow suggests, although he dis- 
claims advocating, a boat having a length of 160 or 170 feet and a beam 
of 19 or 20 feet. The horse- power would be 1,200 and the estimated 
speed 19 knots. The central portion of the boat, inclosing the ma- 
chinery, the magazine, and the launching apparatus, would be completely 
encased, the sides with 1^-inch steel plates and the deck with J -inch 
steel, the armored portion having sufficient buoyancy to support the 
ends if filled with water.* 

Another possible development in torpedo-boats, which has lately re- 
ceived some attention, is their propulsion by electric motors. In a 
launch, 40 feet long and 6 feet beam, recently constructed by Yarrow 
in conjunction with the Electric Storage Company, a speed of 8 statute 
miles was obtained, and sufficient power was stored in the secondary 
batteries for a run of several hours. The great silence of this mode of 
propulsion, the fact that power may be stored in the least useful portions 
of the vessel, the absence of sparks which betray the approach of the 
enemy, and the ease with which the boat may be charged by the dyna- 
mos now on board of almost all large ships of war, and also the fact that 
electric devices are readily worked out for operating the torpedoes them- 
selves, doing away with or simplifying the gear now in use, renders this 
a somewhat promising field for further investigation. The objections 
are; the limited 8i)eeds hitherto obtained, the weight of the secondary 
batteries, and the long time required to charge them. In the present 
state of electrical engineering the operations of such a boat would be 
confined to stealthj' operations in darkness, fog, or smoke. 

The thin steel plating of torpedo-boats, although galvanized, is so 
rapidly destroyed by corrosion that several patent bronzes of great 
strength have at different times been put forward as substitutes. One 
of these, known as " Delta metal," has been worked in a 36 foot launch 
and was inspected at the Crystal Palace, where it is on exhibition! 
This boat was longitudinally framed, very well built, and I was informed 
that the strength of the material equals that of mild steel. The plates 

• A torpedo-boat of very nearly the dimensions referred to was ordered in May of 
the present year, from Yarrow & Co., for the Japanese Government. It is 166 feet in 
length, 19J feet beam, and is to make a speed of 19 knots. The entire central part of 
the vessel, containing the machinery, will be armored with steel plates 1 inch thick. 
The armament will consist of gear for discharging four torpedoes, and she will also 
carry several machine guns. The system of propnlsion being twin screws, it is 
expected that the boat will be exceedingly handy to maneuver. This will be the 
largest torpedo-boat owned by any Government. 
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are threesixteenths-incb thick. Delta metal, it is claimed, can be forged 
and treated much like iron. 

With regard to the torpedoes themselves, little need be said ; the 
terrific character of the weapon is widely appreciated, but its use, at 
least in torpedo-boats, is hazardous to the last degree. While opinions 
differ as to the value of search -lights, the vibrations of the engines and 
the wash of the screws are very likely to betray the direction of the at- 
tack, and from that moment the assailants are in a position of extreme 
jeopardy. 

The Whitehead is said to cost from £400 to £500. Its range may be 
varied from 40 to 800 yards, though at a greater distance than 600 yards 
it is not considered eflFective. The depth of the trajectory below the sur- 
face is adjustable from 5 feet to 15 feet. It attains a speed of 22 knots and 
strikes a blow of 6J tons. Important modifications have recently been 
introduced. The undulatory course in the water has been partially 
corrected by improvements in the balance-chamber and in the vertical 
rudders, and the charge of gun-cotton has been raised from 47 to 70 
pounds. 
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Photograph No. 4. 

Machine for Punching T Beams. 

Driven by Engine. 
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which have a reciprocatiug table, worked by a small engine, by belting, 
or by hydraulic power. Two spuds project from this table, and the beam 
or frame is squeezed between these and an adjustable block in the center, 
whose position is regulated by a screw and hand wheel. This tool is 
often made double ended, so that frames maj^ be set on botli sides at 
the same time, or in some cases one side of the table carries a punch for 
horizontal punching. Adjustable rollers are i)rovided for regulating 
the height of the work. 

Plating, particularly the light plates of bulkheads, deck-houses and 
the like, often comes to the buildmg-yard in a condition which requires 
time, skill, and labor to reduce it to a fair surface. To obviate the cost 
and delay incident to this process, plate straighteners are in common 
use. These machines consist of four upper and three under rollers, the 
upper ones running in bearings, which are in one plane, and are simul- 
taneously adjustable by screws connected by gears ; after several passes 
through these rolls the plates are so straightened as to require little or 
no hand labor. I present photographs of these tools, as well as of sev- 
eral good designs of bending rolls, adapted to work of different dimen- 
sions. These present no novelties. They are substantial three-roll 
machines. In the larger sizes the adjusting screws in the housings are 
connected by a shaft and worm gears so as to be operated by power, 
and to work simultaneously. The best British designs of light rolls 
with tumbling housing, such as might be useful in the manufacture of 
iron masts and yards are also illustrated, with their prices. 

In common punches and shears no important developments were 
observed, although it may be worth while to notice the usual foreign 
practice of driving these machines by engines self-contained with the 
tool, which may be placed in many situations where it would be incon- 
venient to carry shafting, while a steam pipe is quite practicable The 
loss of power in shafting which is continually running, the wear and 
tear of belting, and the increased liability to break-downs, are argu- 
ments to support this practice. In addition, it should be borne in mind 
that the shear shed is ordinarily a cheap and unsubstantial structure, 
little suited for keeping shafting in perfect alignment. In such punches 
and shears the fly-wheel is often placed on the second motion shaft and 
not directly on the engine ; as the wheel is geared to run very fast, the 
necessity for a large one is obviated, and a more compact machine 
resnlts. 

In punching the flanges of beams to receive deck plating or planks, 
the beams are liable to be distorted and may require straightening 
afterwards. A special punch for beams is now made which deals with 
both flanges at once. I transmit a photograph and prices of this machine 
by one of the leading makers. 

A useful portable punch and shear combined, mounted on wheels for 
moving about the yard, ordinarily worked by hand with a crank and 
fly-wheel, but also provided with pulleys, so that when convenient, it 
may be driven by power, is to be found in some British ship-yards. 
When made of 4 tons weight, it shears three-fourths-inch plate and 
punches three-fourth-inch holes through three-fourths-inch plate. The 
gaps are 18 inches in depth. A similar tool of half this weight punches 
and shears five-eighths-inch plate and has a gap of 12 inches. 

The absence of multiple punches was noted. This can hardly be due 
to their limited application, as there is sufficient straight line work in 
bulkheads, tanks, &c., to justify their employment ; it is rather to be 
traced to the fact that they are troublesome to keep in adjustment. 
Punches with automatic feed were also rare. 
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In all the best puuches a disengaging gear is fitted in the head of the 
machine, which can be thrown out whenever, through some mismanage- 
ment, a bad hole is about to be produced. 

Some tools of unusual power were observed. In the Baltic Iron 
Works, at St. Petersburg, there is a punch capable of piercing 2-inch 
plate with a 2-inch hole and of shearing steel of the same thickness. 
It is used on armor deck-plates. The gap is 30 inches and the weight 
36 tons. This heavy tool was made by Messrs. Craig and Donald, of 
Johnstone, Scotland. Most of the large ship-builders are provided witii 
a powerful hydraulic punch for cutting out man-holes and lightening 
holes. Holes as large as 30" by 21'' are cut from three-fourths-inch 
plate^ and there is a set of punches and dies of diminishing sizes. The 
general arrangement is simple; a ram, which works downward, carries 
the punch and a corresponding die is bolted to the bed-plate. The lat- 
ter is attached to the cylinder by four strong columns, as in the common 
style of hydraulic press. This is a tool of obvious utility where much 
water-bottom work has to be done. 

It is especially serviceable on work in steel, as the plate is left in a 
condition which requires little further attention, while the labor be- 
stowed in finishing the openings, if they come from the small punches, 
is costly. To fully utilize the strength of steel it is considered important 
to remove every trace of raggedness or incipient cracks, which is often 
accomplished in the case of lightening holes in floor plates, &c., by 
grinding with emery wheels; the plate, which is usually of a manage- 
able size, being moved about on a horizontal table while an emery 
grinder on a vertical arbor which revolves in fixed bearings, takes off 
the roughness left by the punch. 

Ship-yard machinery is very generally gotten up on the combination- 
tool principle. It is very desirable to make a ^^multum in parvo^ of 
those machines which are capable of such treatment, and though this 
may be carried too far, still, in general, an economical and compact plant 
results. Thus it is common to find two angle shears and two punches, 
all parts of the same tool ; or an angle shear and a eold-settiiig machine 
and similar arrangements. 

For drilling keel-bars, stern-posts, and stems a large radial drilling 
machine, having three or more arms with drills, is the best arrange- 
ment, the bed plate of the tool being fitted with rollers for carrying 
the work. For drilling plates or countersinking the same machine is 
available. 

Among tools specially serviceable in the building of war vessels I 
would mention the band-saw as recently applied to the sawing of thick 
steel plates, such as we have in armor decks. The work turned out is 
very neat and it is performed with a fair degree of rapidity. 

I have elsewhere mentioned the superior tools being fitted in the ex- 
tensions of the French dock-yards, more particularly at Brest. The 
new punches and shears are hydraulic, as well as the cold-setting ma- 
chines, which are quite difterent from anything which I have hitherto 
described. Punches and shears constructed on this plan have few mov- 
ing parts, and are characterized by great simplicity. The French plant 
at Toulon is entirely hydraulic. It was laid down in 1876, and has given 
such satisfaction as to induce later installations in the other dock-yards. 
The French favor hydraulic tools for all operations upon steel. They 
believe (1 quote the opinion of M, Berrier Fontaine) that the strength 
of the metal is, in general, better maintained if worked by pressure 
than when subjected to such tools as operate more or less by impact or 
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shock. The tools of the French dock-yards were made by the Hydraulic 
Engiueering Company of Chester under the Tweddell patents. 

I am here led to speak of hydraulic appliances in general, which of 
late years have found a wide and increasing application in ship-building 
and engineering establishments. In the well-appointed yard there is 
always a hydraulic house, in which is located a pressing engine. Such 
engines are supplied by Sir William Armstrong of Elswick, Brown of 
Edinburgh, and other makers. An accumulator, conveniently placed, 
loaded by steam or weights, forms a reservoir of power from which 
mains lead to the several building berths, riveting machines, hoisting 
applicances, hydraulic capstans, &c. ; but the principal use is in rive^ 
ing. The large gap required in a machine for riveting skin plating 
necessitates proportions which are at variance with portability, and 
hydraulic riveters, thus far, have been found available principally for 
ivork on frames. Two portable riveters, hanging from cranes at the 
head of the building slip, receive their water through a flexible copper 
pipe. They operate on the frames which are laid across the keel on 
trestles in the usual manner. The frames are rapidly completed and 
moved down the keel to their appropriate stations and hoisted into 
place. The average performance of such machines on simple work is 
fourteen hundred rivets per day of nine and a half hours. 

The pressure frequently used in the machines is 1,500 pounds, but 
there is a diversity of opinion as to the best pressure for working hy- 
draulic tools, some establishments being provided for 700 pounds and 
others for 2,000. Keel riveters have also been applied by Mr. Twed- 
dell, and 1 am informed that the keels of the Alaska, Servia, and 
City of Eome have been riveted by this means. 

Eepeated testa of hydraulic riveting have shown the superiority of 
the work to be beyond controversy. With heavy rivets, such as 1 and 
H inches, which make laborious and defective work when Hand driven, 
the excellence and economy of the hydraulic system is very manifest j 
and the fact that in keels a conspicuously longer rivet can be used, 
when machine driven, shows that the holes must be much better filled, 
and speaks volumes for the superiority of machine work. 

Clever hoisting appliances, for raising frames and general use at the 
building slip, are made to operate by hydraulic power : these are some- 
times windlasses and capstans, such as have been previously noticed, 
but a good form is a simple vertical chamber and plunger having a 
stroke of 6 or 7 feet, and fitted with four or five sheaves at the bottom, 
and also at the top of the plunger, over which a flexible wire rope is 
rove. The standing part of this rope is attached to the machine ; the free 
end may be made fast to any other rope for hoisting, or to any object 
which it is desired to move. The fact that these appliances entirely do 
away with the small steam bolsters, which are both dangerous and ex- 
pensive, should be wufficient recommendation wherever there is a 
hydraulic plant already established ; and the general simplicity of the 
hydraulic system, the fact that i^ is always ready to work, without 
blowing through of steam pipes and losses from condensation and 
friction of shafting, and its advantages where great power has to be 
transmitted by a compact and portable machine, are strong arguments 
for its adoption. Nor is it only for heavy work that this system is 
valuable. 1 saw many of the light cranes in smiths' and boiler shops, 
such as deal with weights of from 10 to 30 cwt., fitted with neat appli- 
cations of hydraulic power. To cranes the system is peculiarly appli- 
cable on account of the simplicity of construction which results, the 
great weights which may be lifted without resorting to cumbrous ma* 
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chinery, the ease with which the operations of such cranes may be cofr 
trolled, and their safety, the common hand crane being a contrivaim 
pregnant with accidents. / 

The objection to pipes freezing and bursting in our climate is ow 
that will naturally be urged against hydraulic appliances. Water 
could no doubt be treated with chemicals to prevent it* congelatioiii 
The addition of a small amount of glycerine is said to confer this prop- 
erty and it bas been used in the hydraulic gear of the British armor- 
dads. 

Thus far I have presupposed the use of an accumulator from whiA 
water is drawn at the full pressure throughout the stroke. It will be 
observed that this involves an extensive use of water in the ci se of 
riveting, inasmuch as the initial action of the machine, the upsettt igdf 
the rivet, requires a trifling pressure, though followed by water ai the 
head necessary for the tinal squeeze. All efforts to overcome this souree 
of waste have hitherto involved complications inadmissible in portable 
machines. In fixed riveters on the Tweddell system this is ingenioadj 
corrected by the use of the differential accumulator. Water at a i tod- 
erate initial pressure is used, and the final pressure is reached throigk 
the sudden arrest of a rapidly falling and heavily loaded i>lQUge.* of 
small area. A somewhat similar result is brought about, and the oae 
of an accumulator avoided, by the direct system of Messrs. Higgonson, 
of Liverpool. A set of small pumps are employed for every machine, 
and for portable riveting a common arrangement is to have a light 
boiler, engine, pumps, and crane mounted on a truck, so as to be moved 
from place to place. While the riveter is not at work, the pumps raerelj 
circulate water. When the valve is shifted the water passes into the 
riveter at a pressure which increases with the resistance met, and the 
final squeeze is obtained from the power resident in the fly-wheel on the 
shaft which' drives the pumps. 

With regard to hoisting appliances for putting in machinery or remov- 
ing it from hulls, the leading commercial ports of Great Britain are pro- 
vided with powerful steam cranes revolving on turn-tables, mounted on 
massive masonry, and capable of lifting from 25 to 100 tons or more. 
Magnificent samples maybe found among the docks of Liverpool and 
on the Bromiekiw of Glasgow. They are abundantly illustrated in for- 
eign technical journals, but must be seen in operation to have their ca- 
pabilities fully appreciated. In ship-yards the three-legged type of 
shears is the favorite ; the two-legged contrivance with guys is regarded 
as only a makeshift arrangement. The former fs well understood and 
calls for but little description. The heel of the back leg travels up and 
down the wharf in a grooved casting, containing a heavy screw, which is 
usually operated by the same engines as run the hoisting drums. In 
other cases, either because the wharf room has been limited, or irom 
preference, the back log has been made to telescope, as in a fine example 
in the yard of A. & J. Inglis, at Pointhouse on the Clyde. Either of 
these arrangements permits the head of the shears to be brought over 
the object to be lifted while on the wharf; the required degree of over- 
hang may then be given and the weight lowered exactly in its place, 
without the intervention of side tackles, which are objectionable and 
dangerous. The telescopic back leg has but recently come in use; it is 
an advantageous arrangement, and doubtless in the future will be much 
employed. The three-legged shears, especially when the groove and 
screw are adopted, require substantial and expensive foundations. 
Booms are often hung from the shear legs and are very advantageooa 
for handling light weights. 
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. European practice in the matter of launching' ways presents some di- 
versity. Occasionally concave and convex ways were met with, the 
concavity amoanting to 1^ inches in a breadth of 2 feet ; in this case no 
ribbons vera employed. In other cases the upper way was thick and 
the lower one thin, and sometimes this was reversed. A diflference 
of opinion also prevailed as to whether the ribbon should be on the 
inside or the out, above or below. 

The cradles for launching a heavy iron-clad in the British service are 
massively constructed. The packing is on end, not flat, and is vertical, 
or nearly so, the wedging being driven from both sides. In order to , 
confine the poppits forward and take their thrust when the stern com- 
mences to be waterborne, angle-iron frames, of half-moon shape, are 
worked on the bows over the pop pit heads. These frames are filled 
in with wooden chocks. The ways are so laid in twin-screw ships that 
the cradles may be continued out under the stern pipes. In launching 
there is no sawing ofi' as in American practice. A chock is bolted to 
the lower way ; about 8 feet further forward a similar chock is bolted 
to the upper way ; heeling on the first chock is a loose timber which ex- 
tends forward, where it is shored up in such a manner that the chock 
on the upper way rest8 against its head. Heavy weights are then rigged 
up, and through appropriate mechanism, the cutting of a cord, or the* 
touching of an electric button, drops the weights, which knock down the 
dogshores, the props having been withdrawn, and release^the ship. It 
is a common practice in the royal dock-yards to build ships in dock, by 
which the risks and expense of launching are avoided. Several private 
firms likewise build in docks, which, as a rule, are dark, damp, and con- 
tracted. The system has one advantage, that all the weights are low- 
ered to their places, no hoisting being required. Messrs. Laird, of Bir- 
kenhead, have building-docks, one being fitted with a traveling crane 
running over Its entire length. 
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Such is the distribution of raw materials and natural facilities of ship- 
building throughout Great Britain that the construction of vessels is 
carried on in numerous localities. The greatest building river is the 
Clyde, followed in the order of their importance by the Tyne, Wear, 
and Tees. West Hartlepool, Whitby, and Blyth are places of great 
activity in naval architecture and marine engineering, and may be in- 
cluded in the district of the last three rivers. 

Hull, Leith, Aberdeen, and Kircaidy are all important ship-building 
ports of the east coast. In the west, the Mersey has numerous and ex- 
tensive yards, and Barrow has produced some of the largest ships afloat. 
Belfast has long been famous for the superior vessels built there ; and 
Whitehaven, Grangemouth, Chepstow, Workington, Newport, Eye, and 
Penarth are in a less degree centers of this maritime industry. 

^Newport, Rye, and Penarth confine their labors mainly to the con- 
struction of small vessels and yachts. The Thames has ceased to be a 
great building river, and the work done there is limited to a few firms 
of wide reputation in certain specialties. 

After a year of unprecedented prosperity, marked by the output of 
a million and a quarter of tons, I found the Bristish ship-builders feeling 
severely the effect of the present depression of the carrying trade ; some 
were but half employed, many were quite idle, and only a few could be 
said to be fairly busy. 

These latter, it was noticed, had the finest and often the largest es- 
tablishments, equipped with the best labor-saving tools. Builders who 
persist in running an old fashioned plant, which, though in good repair, 
has passed its economical lifetime, through more recent improvements, 
are the first to succumb to periods of dullness when work is only to be 
won through severe competition. 

The construction of ^niling vessels appeared to be proportionately 
less depressed than that of steamers. I'he former were found building 
on the Clyde in moderate numbers. 

8ome Government work was to be found in the different private yards^ 
though it was usually represented by vessels of small tonnage. War 
vessels for foreign nations were being built by Messrs. Samuda, at Mil- 
wall j by Messrs. Armstrong, Mitchell & Co., at Newcastle-on-Tyne, 
and by Messrs. Laird, at Birkenhead ; the two first mentioned making 
a specialty of ships for foreign navies. 

The yard of Samuda Bros, is not of unusual size, but is well appointed, 
being provided with a valuable plant, comprising machinery for plan- 
ing and bending armor plates. 
i 

! THE BIAGHXTELO AND AQUIDEBAN. 

When I visited this establishment the Biachuelo now a noted pro- 
{iuction of the firm, had reached completion; audi was accorded the 
[privilege of examining her within and without, as she lay ready for 
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sea iu the Victoria dock. The Aquideban, a vessel nearly identical in 
character and dimensions, and also intended for the Brazilian Govern 
ment, was still on the stocks. 

As will be seen from the accompanying drawings, the Riachuelo is t 
ship-rigged cruiser, having a protective deck worked in conjuuctioi 
with water line armor, and provided with two turrets, arranged echelon 
each mounted in a breastwork which is carried down to the protectiv( 
deck. In either turret there are two 20-ton 9-inch breech -loading gnni 
of Sir William Armstrong's manufacture, cai)able of completely i)ierciuj 
18 inches of iron armor. There are also six 6-inch guns, unprotected ii 
the superstructure, two firing straight ahead from recessed ports, an< 
two aft, similnrly placed; two others are broadside guns. 

The superstructure is so arranged as to admit of direct fore-and-af 
fire from the turrets, its side being removed 14 inches from the flash o 
the inboard gun. In the wake of the turrets the superstructure is cu 
away so as to permit an arc of fire of 50 degrees on the opposite beau] 
On the main deck there are five torpedo tubes; four of these can b 
trained, but one in the stern is a fixture. There is also a second-clas 
torpedo boat, of Yarrow's construction, having a speed of 18.1 knots. 

The armor belt protects 250 feet of the length, and from its exlremi 
ties, forward and aft, internal inclined armor 3 inches in thickness i 
used on the water line ; the inclination is 15 degrees. All the armor i 
compound. 

For the f^eneral dimensions of this ship, which follow, I have availe 
myself of Mr. Samuda's valuable paper, recently read before the lustiti 
tion of Naval Architects : 

Length between perpend icnlars feet.. 30; 

Breath of beam, extreme on water line do. . . 5i 

Depth from garboard to under side of main deck do. . . 21 

Draught at hmd line, 400 tons of coal do. . . 11 

Height of port above water line, load draught do 1; 

Displacement at load line tons.. 5, 7(M 

Displacemeut per inch do... 3; 

I. H. P 6,00i 

Estimated speed, 872 tons dead weight on board knots . . li 

Complement of officers a nd men 2r>( 

ARMAMENT. 

Four 9-inch 20-ton long breech-loading guns iu two revolving turrets, and six 5 
iuch guns on the upper deck and fifteen machine guns. 

Height of breastwork above load line feet . . 1: 

Height of belt armor above load line do — 

Depth of belt beh>w load line do... 

i 1 
Thickness of belt armor inches. . < 1 
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Thickness of breastwork armor do... 1| 

Thickness of turret do. . . l\ 

Protective deck plating do... | 

Thickness of backing amidships do... 1| 

Hull tons.. 

Armor and bolts do... 

Backing, teak do. . . 

Protective plating do... 

Masts, rigging, blocks, and sails do... 

Anchors and cables do... 

Boats, galleys, condensers, &c do... 

Wood and metal sheathing do... 

3,691 
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Engines, boilers, and spare gear 1, 070 

Armament, ammnnition, hydraulics, Sec, sapp led by Sir William Arm- 
strong; officers, men, and effects; water for four weeks, provision for 
twelve weeks ; officers' stores, slops, wood, sand, &o. ; warrant officers' 

and engineers' stores, in all tons. . 472 

Coal do.. 400 

872 

5,637 

Displacement at load line (19 feet 6 inches mean draught) tons. . 5, 700 

With reserve coal, amounting to 400 tons additional, the draught is 20 feet 6 
inches, and the displacement tons. . 6, 100 

The water-tight Bubdivision of the hull is very complete, there being 
forty-two compartments exclusive of the double bottom, which contains 
sixteen. A longitudinal center bulkhead extends throughout a great 
portion of the ship, her breadth of beam rendering it possible to fire 
the boilers from the wings. These boilers, ten in number, arranged in 
four independent compartments, expose a total heating surface of 19,400 
square feet and supply steam at a pressure of 90 pounds. The ma- 
chinery is by the long-established firm of Humphreys & Tennant. 

There are two vertical twin-screw engines, each having a high-press- 
ure cylinder 52 inches in diameter and two low pressure cylinders 74 
inches in diameter, the stroke being 3 feet. Steel and gun-metal have 
largely displaced ca«t and wrought iron in the construction of these 
cMigines. The shafts are of Whitworth's hollow fiuid compressed steel. 
The vessel is fitted for working with forced draft and closed stoke- 
hole. The arrangement for closing the latter is an ordinary slide or 
register in the side of the fire room hatch. 

On trial rho Riachuelo developed a sustained speed of 15 knots, with 
4,500 I. H. P. She has also made with natural draft a measured mile 
speed of 16.23 knots, while with forced draft, equal to 1 inch of water, 
using eight of her ten boilers, she has made a measured mile speed of 
10.7 knots. It is claimed that these results have been attained with an 
unprecedented economy of coal, and that at 12 knots the ship will have 
a fuel endurance of 8,700 miles. 

Both the Eiachuelo and the Aquideban are sheathed ships, the sheath- 
ing consisting of two thicknesses of teak Muntz metaled. The inner 
layer of 3 inches and the outer of 2 are arranged to break joints from 
end to end. The planks vary in breadth from 9 to 14 inches. The fast- 
enings of the inner thickness are three quarters-inch galvanized iron 
bolts, tapped in the skin, and fitted with a nut, washer, and grummet 
on the inside. The heads of the bolts are sunk into the wood about 
three-eighths inch and the space filled in with a mixture of white lead 
and plaster of Paris. After being calked the whole surface of the 
inner sheathing is payed over with Hayes's composition, which appears 
to consist largely of coal-tar, and the outer planking is then secured by 
the usual composition wood screws. 

Composition stems and stern-posts are employed, rabbeted to receive 
the ends of the planking. These castings are solid, and the head of 
the stern-post is expanded into a semicylindrical box for the reception 
of the tiller; the top of this box receives the landing of the protective 
deck, which, forward, connects with the ram. The stem and stem-posts 
of the Aquideban, which I had an opportunity of examining, were su- 
perior samples of foundry art. They are made of Admiralty bronze, 
which is, approximately, copper 870, zinc 43, and tin 87. Mr. Samuda 
states that this alloy has borne a load of 18^ tons without breaking, and 
exhibited an elongation of 35 per cent, in a length of 8 iuohes. 

Although the Biachuelo is a rigged vessel, spreading 10,200 square 
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feet of canvas, the designers have been saccessfnl in an eminent degree 
in keeping the rigging, as well as davits and other gear, from interfer- 
ing with the fire of the gnns. The shrouds are brought down to the 
sides of the superstructure, which is considered of ample width and 
strength to admit of this arrangement; a neat contrivance of falling 
waist is titted, which can be detached and thrown down rapidly ; and 
the adoption of the Baxter anchor does away with some of the obstruc- 
tions and complications forward. This stockless anchor is made t<> 
draw up into an enlargement of the hawse-pipe, which is covered by a 
large buckler. 

The ability to drop and recover ground tackle rapidly is a quality po 
desirable in a war ship that the arrangements for working these anch- 
ors, which have been specially designed to this end, deserve atten- 
tion. The system is that devised by Messrs. Baxter & Co., of Loudon. 
The vessel rides by vertical cable holders, which are in efifeet wild-cati; 
mounted on friction clutches. The holders are rotated by worm gears, 
and by the aid of several hand levers operating the clutches, chey 
can be made to veer or take in cable, either slowly or rapidly, and in- 
dependently. The friction device is also useful in preventing severe 
strains upon the ship or cable when the anchor is breaking ground. 

Each bower of the Riachuelo weighs 7,400 pounds and is made of 
cast steel. As the anchor is brought up the flukes guide themselvei 
into their place without assistance. The enlargement of the hawse- 
pipe is not objectionable in appearance, particularly when the buckler 
is down. As there is no tripping, or catting and fishing, much time i^ 
saved. The anchor has been let go and hauled in again and stoweii 
within forty-five minutes. It is stated that the Admiralty have ordered 
the same system to be applied to the Rodney, Camperdown, and Ben 
bow. 

The ship has excellent quarters for both officers and men in th** 
superstructure and on the main deck. The joiner work is tastefully 
finished, and the hard wood, which is U8e<l liberallj' in the wanl-rooni* 
and cabins, is in all cases solid and not veneered. 

The electric light, fitted by Messrs. Siemens Bros., is provided ever\ 
where. I am informed there are over two hundred and fifty iucande^ 
cent liglitvS, together with yard-arm reflectors and two search -lights, tbt 
latter on the arc system. The concussion of heavy guns has been foun^" 
destructive to the incandescent lamps, and they are protected from thi? 
source of injury by cushions of rubber. 

The comfort of the ship is much increased by her ample provisiou fo* 
light and ventilation. Brass side lights are placed in the large squar 
ports, which are raised by levers and can be closed on gum by ineaii^ 
of screws. To each window there is a sliding sash, a blind, and a. cur 
tain. 

THE GIOVANNI BAUSAN. 

Another British firm engaged in the construction of war vessels for for 
eign governments is that of Sir William Armstrong, Mitchell & Co., a* 
Walker, on the Tyne. When I visited this establishment the Giov^ann 
Bausan, for the Italian navy, was at the wharf, nearly completed ; aiici 
two vessels of similar design were on the stocks in process of construe 
tiou. The latter were for the Government of Japan. The following 
are the leading particulars of the Bausan : Length between perpenclic* 
ulars, 27« feet; breadth, 42 feet; draught, 18 feet 6 inches; displact^ 
ment, 3,000 tons. She has twin screws with inclined engines of 5^5<K' 
I. H. P. collectively, and her estimated speed exceeds 17 knots. The 
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engines were designed by Mr. F. C. Marshall, of Hawthorne & Co., by 
whom they were built. The complement of coal will be 400 tons, bat 
stowage is provided for a reserve of 200 tons, giving a total which is 
considered sufficient for steaming 5,000 miles at 10 knots. 

The machinery and vital portions of the vessel are protected by a 
curved steel deck, 2 inches in thickness, and coal is stowed on top. The 
hydraulic machinery for working the large guns is beneath this deck. 
There are two 10-inch ribbon- wound breech-loaders of 25 tons each, 
placed forward and aft in 2inch steel shields, which are quite small and 
merely inclose the breech. These guns, which it is asserted will pierce 
19 inches of armor, have an arc of train of 240 degrees. In addition 
there are six 6-inch B. L. B guns on the broadside. These I learned 
will also be provided with shields, though they were not in place at the 
time of my visit. The pilothouse is constructed of 2-inch steel. She 
has two masts and is very lightly rigged ; there is no headgear, every- 
thing being sacrificed to the fire of the heavy guns. She has no double 
bottom, but the vessels for the Japanese navy were being constructed 
with this provision of safety. 

The frame space is 2 feet, and the frames are entirely cut off by the 
armored deck. The divisions of the between decks are so contrived 
that a steel bulk-head shall come in for the support of each of the broad- 
side guns. Middle-line bulk-heads are worked forward and aft, but 
they do not extend through the fire and engine rooms. Externally the 
vessel presents little that is consistent with the conventional idea of a 
ship ; there are no hawse-pipes, the chain coming in through a chock 
on the bow, which is given a very peculiar flare to accommodate this ar- 
rangement; the rig is insignificant, and, although some sail is carried, 
the masts seem mainly intended for signaling and the use of machine 
guns in the tops ; a large hydraulic crane, right in the center of the 
vessel, intended for hoisting out the heavy boats, completes her unship- 
shape appearance. 

Two vessels on the stocks were intended for the Government of Japan. 
Their frame space throughout the water-bottom was 4 feet, and forward 
and aft of this 3 feet. . One has since been launched. The Army and 
Navy Gazette alludes to her as follows : 

The Japanese cruiser, launched last week from Armstrong & Co.'s yard at Newcas- 
tle, in the presence of His Imperial Highness Prince Yumasnina, His Royal Highness 
the Doke of Genoa, Sir William Armstrong, and a numerous party, was christened 
by Lady Armstrong the Naniwa Kan. She and her sister ship were laid down about 
eleven months ago, and, while resembling in some respects tlie Esmeralda, are con- 
siderably larger, with improvements in defense, armament, and speed. They were 
designed by Mr. William H. White, lately in the admiralty service, and are almost 
identical in dimensions with the Iris and Mercury and the Leander class. They are 
300 feet in length, 46 f^t in breadth, draw 18 feet of water, and are of about 3,600 
tons displacement. They have twin-screw engines, which are to develop 7,500 horse- 
power at least, and their estimated speed is from 18 to 19 knots. The armament of 
the Naniwa Kan includes two 28-ton 26-centimeter guns, mounted on center-pivot 
antomatio carriages as bow and stern chasers, worked and loaded by hydraulic mech- 
anism. On each broadside there are three 15-centimeter guns of 5 tons each, and ten 
1-inch machine guns and two rapid-fire guns. In the tops are four improved Gatling 
guns. All the guns have strong steel shields, protecting the gun and the crew from 
rifle and machine-gun fire. 

Each vessel will nave an equipment also of locomotive torpedoes ejected, two on 
each broadside, above water. Her powers of offense are further assisted by a powerful 
ram bow, formed of a steel casting. Covering the spaces occupied by machinery, 
boilers, magazines, and steering gear, there is a strong protective deck, the central 
portion of which rises a little above water, while the sides slope down t<o some depth 
nnder water. This deck is of steel and has a thickness varying from 2 to 3 inches. 
The few openings in this deck are protected by strong armored covers, or armored 
gratings, and water-tight subdirision is also carried out very minutely below the pro- 
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tective deck. There are two separate eogiiie-rooiDB and two separate sioke-hold*. 
The magazines are all duplicated and formed into separate water-tight coinpartineiitfi; 
and there is a cellular double bottom running through a very large part of the lengtL 
of the ship, which will add trreatly to the powers of the ship in resisting onder-water 
attacks by ram or tor]>edoe8. One very notable feature in the vessels is the extreme 
rapidity with which they have been built, and their advanced state of completion a( 
the time of launching. 

THE ESMERALDA. 

At this time the much talked of Esmeralda was moored in the Tynts 
a few miles below Newcastle. This ship, which has been the theme uf 
so much discussion among naval people, is of the same general descrip- 
tion as the Bausan. I append a few illustrations of the vessel and her 
armament, and give some of her details as follows: She is 270 feet m 
length, her breadth is 42 feet, and draught from 18 to 19 feet. The di^ 
placement at 18^ feet is 3,000 tons. The speed attained on tlie trial 
trip over a limited run, with forced draft, was 18J knots. The motive 
power is developed in two horizontal compound engines haviDg cylin 
ders, 41 inches and 82 inches by 3 feet stroke, indicating collectively 
6,000 H. P. Steam of 90 pounds pressure is supplied from four double- 
ended boilers of steel, having in all twenty-four furnades. The comple 
ment of coal is 600 tons, which is said to be sufficient for steaming 6,000 
knots at 10 knots speed. 

The protection afforded is very limited ; it consists merely of shields 
at the breeches of the guns, proof to machine tire, and a curved pro- 
tective deck 1 inch thick, over the entire length of the ship. In the 
center this deck is 1 foot below the water line and at the sides it is o 
feet below. Above the protective plating cork chambers extend along 
the sides and amidships there are coal bunkers. 

For offense the Esmeralda is powerfully equipped, but she is valnera- 
ble throughout, and there can be no doubt that even a lightly-armed 
antagonist could play havoc in the machinery spaces and destroy or 
dislocate the delicate hydraulic mechanism by which the heavy guns 
are worked. There are two 25-ton B. L. E. of 10 inches caliber, carry- 
ing a 450-pound projectile and capable of piercing 20 inches of iron. The 
powder charge is 230 pounds. The forward gun i^ placed about 60 feet 
from the bow — is center pivoted, and has an arc of fire of 120 degrees. 
The upper deck is stoutly plated forward, and during the trials the gun 
was fired over it with battering charges without injuring the structure 
or fittings. The large guns are about Ifi feet above water and can prob- 
ably be fought in heavy weather. They are always brought back to 
the fore-and-aft position for reloading, and the loading gear is contained 
in a steel house, which is proof to machine-gun fir^. The after 25toD 
gun is situated about 60 feet from the stern, and is precisely similar to 
the forward one in its arrangement and fittings. There are six 4-ton 
B. L. B. guns on the broadside, and an assortment ot Hotchkiss, Gard- 
ner, and Gatling guns complete the armament. By projecting the 
broadside guns somewhat beyond the ship's side they have been made 
to train to an angle of 130 degrees. The steering gear is hydraulic. 
Ib the matter of rig the same remarks apply as to the Bausan. 

Two small gunboats were being built by Sir William Armstrong for 
the British colonial government. They will carry a single 10-inch gun, 
and are of light draught and light rig. They are propelled by twin- 
screws and have inclined compound engines by Mr. Marshall. Their 
speed is about 10 knots. 
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ME88R8. PALMER'S 7ARD. 



The British Oovernmeat, early in 1884. gave contracts for several 
fa$t steel dispatch vessels, intended for a speed of 17 knots. Two of 
these, the Surprise and Alacrity, I fonnd partly framed in the yard of 
Messrs. Palmer & Co., at Yarrow, on the Tyne. They are twin screw 
vessels of about 1,4 tons, 250 feet in length, 32 feet 6 inches beam; 
18 feet 6 inches deep, and 3,000 1. H. P. under forced draft ; with natural 
draft the I. H. P. will be about 2,000. The cylinders will be 26 inches 
and 50 inches by 34 inches stroke. Z-bars are ulbed throughout for frames 
tbe spacing of which is 2 feet. There is a steel protective deck, and the 
print ipal hatches are guarded by cofferdams. The vessels are entirely 
of steel, manufactured by the Gonsett and Bolton Companies and by 
the Steel Company of Scotland. 

The firm of Palmer & Co. have built about 475 vessels, and during 
the year 1883 attained the enormous output or 36 ships, rei>resenting a 
tonnage totality of 61,113. As this company is the largest ship-build- 
ing concern in England, having its own collieries, ore-pits, and rolling- 
mills, I submit a ylan of their extensive works, which cover an area 
of nearly a hundred acres, situated about 6 miles below Newcastle. 
Tbe foundations of this enterprise were laid in 1853 by Messrs. C W. 
Palmer an<] George Palmer. In 18()5 the limited company was organ- 
ized, with Mr. C. M. Palmer as chairman and Mr. John Price as general 
umiia^er, and their business has since made great and steady ])rogress. 

Tbe ore, most of which comes from near Whitby, is brought around 
by sea, and coal is derived from the company's collieries in Northum- 
berland and Dilrham. The smelting is done in three blast furnaces, 
each 85 feet in height and 24 feet bosh and 8 J feet hearth, producing 
in the aggregate 1,400 tons of pig per week. Usually three-fourths of 
the product is consumed in the establishment. The plan will show the 
positfon of these furnaces, also that of the kilns in which most of the 
or« is calcined. The furnaces are worked with a blast of 5 pounds press- 
ure and a temperature of 1 ,100^ F. There are eighty puddling furnaces, 
the weekly output of which is 1,000 tons. There are two plate-mills, 
24-inch rolls, capable of turning out 1,200 tons per week. A third pair 
ot plate rolls has a capacity of 300 tons ijer week. There are several 
bar and angle mills and also a sheet-mill. 

The machine shops are suitably equipped for the heaviest work in ma- 
rine engines, and from thirty to forty pairs can be built in a year. The 
tools in this department are by the best makers, and some are of very 
lar^e size. I would mention in particular an 80- ton lathe by Muir, of Man- 
chester ; some tools of peculiar design by Shanks, of Johnstone, are to 
be found here. Everything in the way of forgings and castings, either 
of iron or brass, is made in the establishment. There is a large boiler 
shop, and among the tools is a vertical bending machine for working 
boiler plates. Vertical rolls are much preferred over horizontal ones, 
te avoiding the distortion which the plate undergoes, when worked in 
the latter, from its own weight. This tool was built by Scriven, of 
leeds# The boiler-shop contains two of Twoddell's fixed hydraulic 
riveters. In the forge there are steiim-hammers appropriate for large 
or small work. 

The plan shows a dock which is said to be the largest on the north- 
east coast; there is also an improved hydraulic railway. There are 
nine berths for building vessels, besides a number of slips which the 
eompany possesses on the opposite bank of the Tyne. When busy the 
firm employs about 7,000 men. During the years 1881, 1882, and 1883 
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this waa their steady working force. In 1881 they turned out 48,000 
tons of shipping and twenty-five to twenty-eight pairs of marine en- 
gines; in 1882, 60,000 tons of shipping and thirty-five pairs of engines ; 
in 1883, 61,000 tons of shipping and thirty-seven pairs of engines. At 
the time of my visit they were not busy ; and during my stay in this 
district a reduction of wages, followed by a series of strikes, increased 
the already deep depression of trade. I was informed that ship-builders 
had not one-half the work in hand that they had during the same months 
of the preceding year, and that 7,000 skilled workmen of the ship-buiUl- | 
ing trades were estimated to be idle on the Tyne and the Wear* On 
the Wear, twelve months prior, sixty-five vessels were constructing; at 
the time of my visit there were twenty-two. 

The large tonnage mentioned as the product of Messrs. Palmer, in 
1883, was, I believe, almost entirely of iron. Steel, except for the con- 
struction of war vessels, is not greatly employed by the shipbuilders of 
the North of England. The great center of steel ship-building is the 
Clyde. During the year 1883, the greatest ever known in the history j 
of British maritime industries, the Clyde district turned out three ) 
hundred and twenty-six vessels, aggregating 417,881 tons, valued at | 
10,000,000 sterling. Of this output, almost double that of the Tyue, 
which follows as the next in rank of the ship-building rivers, one-third 
was of steel. For 1884, although the total construction must be much 
less, the indications are that the proportion of steel tonnage will be far 
greater. 

The superiority of steel has ceased to be discussed ; cost alone bars 
its universal application ; and, as the price of steel has for some years 
been steadily approaching equality with that of iron, it is evident that 
this consideration must soon cease to be an obstruction. The difference, 
1 understand, now amounts in overhead rates to some i&2 and odd 
shillings per ton, so that the discrepanC|V to be overcome, considering 
the less weights required, is probably not insurmountable. In th'e mat- 
ter of steel rivets, I learned that, after having enjoyed a degree of 
favor, they are now less used than formerly, a fact due to their hi<jh 
price and the generally excellent quality of rivet-iron furnished. 1 ob- 
served, however, that the leading buihlers in many cases retained the 
use of «teel rivets, entertaining the reasonable idea that the full benefit 
of steel plating is only to be obtained by the use of rivets of the same 
material. A three-fourths inch iron rivet in iron plates has a shearing 
strength of 10 tons; in steel plates it bears but 8.1 tons, but a steel 
three fourths inch rivet in steel plates shears at 13.6 tons; figures which 
infer a great gain to be derived from the use of steel rivets. 

MESSRS. JOHN ELDER & CO. 

To give a detailed description of the many yards of the Clyde visited 
by me would swell the volume of this report unnecessarily, i shall first 
mention the establishment of Messrs. John Elder & Co., at Govan, which 
when fairly bus^' gives employment to six thousand men, whose monthly 
pay roll amounts to £33,500. The accompanying sketch of this yard 
gives a general idea of its arrangement and the distribution of the 
principal buildings. The vessels are built on a row of slips, occupying 
1,200 feet of the frontage on the Clyde. These slips, on which from 
twelve to fourteen vessels may be constructed at once, according to 
their size, are placed obliquely to the river; an arrangement common 
on the Clyde, and necessitated by the narrow character of the stream. 

At the head of the slips and parallel with the front is conveniently 
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arranged the plate and frame shop, 1,000 feet in length and 150 in 
breadth. In this large building are the bending slabs for frames, with 
their heating furnaces, which are of the double-ended type, having a 
bending floor at either extremity ; several sets of bending rolls; five 
groups of drills and countersinks, each containing numerous spindles; 
a vast assortment of punching and shearing machines ; and a smithery 
of twenty-five fires devoted to the use of the angle-iron smiths. . 

The mold loft, 320 by 50 feet, is seen in the rear of the firame shop. 
There are extensive joiner and cabinet shops, provided with the most 
improved wood- working machines; and in connection with these shops 
there is a saw-sharpening room, where the saws are kept in good con- 
dition by the aid of appropriate grinding machinery. There is a large 
boat shop, where boats, often built on the diagonal principle, can be 
turned cut rapidly; besides paint, copper, rigger, and numerous smaller 
shops, of which it is unnecessary to speak. 

The great engine shop, 300 feet square and 50 feet in height, has a 
very fine outfit of heavy tools. It has four overhead traveling cranes, 
two of which will lift 40 tons each ; the others are applicable to lighter 
vork. Next to this shop is the forge, provided with fifty fires and six- 
teen steam hammers; and there are two smaller smith shops, adapted 
to boiler smithing and light machine work. There is a pattern shop, 
which in completeness of appointment is fully up to the other depart- 
ments of the works; and a brass foundry, divided into two parts, one 
for large arfd the other for small work, in this foundry the well-known 
manganese bronze is made, which has been for some years one of the 
specialties of the firm. Some injured propeller blades, completely 
doubled up, which stood near the foundry entrance, attested the valu- 
able qualities of the alloy. As much as 45 tons per month is turned 
out for sale and their own consumption. 

As it is impracticable to allow vessels to remain in the river while 
finishing, a large tidal dock is provided, to which they are removed as 
soon as launched ; and here their boilers and engines are put in by the 
aid of a three-legged shear of great lifting capacity. Shears of this type 
are common throughout Great Britain, and I apeak more fully of them 
under the head of *' Ship-yard Appliances and Tools." Railroad com- 
mnnication enters the yard and extends to every part of it. 

The offices, drafting rooms, and model rooms are excellent; and 
the latter contain elaborate miniatures of the Livadia, Alaska, Oregon, 
and other celebrated productions of the firm, comprising their well- 
known contributions to the transatlantic senice. Two vessels of this 
class were constructing at the time of my visit ; the new Cunarders, 
Umbria and Etruria. The Umbria was in the tidal basin, about to take 
in hei machinery; the Etruria was not yet launched. 

THE UMBBIA AND ETBUKIA. 

These shiT>s are 520 feet in length and have a beam of 57 feet 2 in- 
ches ; the depth is 40 feet. Their gross tonnage is 8,000, and the dis- 
placement is 9,860. In the light condition they have a mean draught of 
21 feet 9 inches, and loaded they draw 26 feet. The crew and officers sum 
up 277 men, and of these 117 are firemen and coal-passers. 

Structurally these vessels seem all that science and skill have thus far 
been able to attain. They are built throughout of mild steel. The keel 
is a bar of 12 by 4 inches, worked in 40-foot lengths. The skin plating 
varies irom eleven-sixteenths to thirteen-sixteenths inch on different 
strakes ; it is worked in lengths of 15 feet or more, and there is a lib- 
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eral amount of donblin^. The frames are %\" by 4" by ^V', aod 
for 300 feet amidsbips they are doubled to tbe main deck. The re- 
verse frames are of the same size, and run alternately to the spar and 
main decks. The frame space is 30 inches. Belts are worked at 15 feet 
intervals, and there are ten water-tight bulkheads, having no openings 
except the sluice valves below the passenger decks. The spar-deck 
has an open waist. There are turtle-backs forward and aft, and a 
long range of houses amidships. Above these the promenade deck ex- 
tends for a length of 300 feet, and on this deck the boats, twelve in num- 
ber, and two life-rafts are carried. The colored side-lights are placed 
in towers or light houses, at the after end of the topgallant forecastle, 
and the lanterns are accessible from below. There are eight anchors, 
two of 5 tons, two of 4 tons, and smaller anchors and kedges. They 
are of the improved Trot man type. The vessels are bark rigged and 
have steel lower masts and yards. The ma«ts are lapped work and are 
built of three plates in the round. 

The engines, which were standing in the erecting shop, are admirable 
samples of heavy mechanism. They are of the three cylinder-compound 
type, with which the practice of Messrs. Elder has been identified for a 
number of years. The cylinders are 71 and 105 inches and 105 by Tl 
inches stroke. All tbe valves are of the piston type. The shaft is of 
McVicktTS steel, 25 inches in diameter in the main journals. The throt- 
tle is operated by a small engine. Water is supplied to the condenser 
by two independent centrifugal pumps, either of which is ^f suflBcieiit 
capacity to run the condenser. The screw is four bladed, built up, and 
made of McVickers steel ; its diameter is 24 fret 6 inches and the pitch 
33 feet. There is a great amount of finished work on these engines, 
performed with a view to detecting any manifestation of weakness in 
its construction. 

There aie nine double ended return tubular boilers. The length ol 
each is 17 feet, and its diameter 16 feet 6 inches. The shells are of IJ^ 
inch i)lates. There are seventy-two corrugated furnaces, 3 feetCincbejj 
in diameter and 6 feet 6 inches long. The total area of grate surface id 
1,638 square feet. The bunkers contain 2,236 tons of coal. The daily 
consumption is about 300 tons. The working pressure is 110 pounds. 

The Etruria and Umbria will not carry steerage passengers durin^ 
the summer. Elaborate accommodations are provided for seven huu^ 
drejl and twenty cabin passengers. The state-rooms and saloons ar€ 
lighted with the Swan incandescent lamps, of which eight hundred and 
twenty are fitted on board. 

In conclusion I may give some idea of the capacity of Messrs. Eldei 
& Co.'s establishment by stating that during 1883 they turned out thir- 
teen vessels, aggregating 40,115 tons, the great^ist tonnage ever launched 
by any Clyde firm, and second only to that of Messrs. Palmer thtou^^h 
out Great Britain. In addition to their reputation as merchant ship^ 
builders, they have produced a considerable quantity of naval work; 
among which may be mentioned H. M. IS. Hydra, a twin-screw turret 
ship ; H. M. S. Comus, Champion, Carysfort, Curafoa, and Conquest, 
all single-screw sheathed corvettes; H. M. S. Nelson, twin-screw ar 
mored ship ; and the machinery of the Inflexible, Rambler, Ranger, and 
Niger. 

Another well-equipped yard of the Clyde, which seems to call foi 
special mention is that of Messrs. J. & G. Thomson, at Clydebank 
Much that has already been said with regard to Elder's yard applies to 
this establishment a« well ; which, though a smaller place, in no respect 
falls short in excellence of appointment. 
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MESSRS. J. & a. THOMSON. 



The tracks of the North British Railway extend into the yard, and 
the raw material pasises from the railway cars to a large building, which 
contains most of the ship-building tools. It is 550 by 150 feet, and in it 
are the punching, shearing, drilling, and countersinking machines, plate 
benders and planers. Here also Is a special flanging machine for keel 
plates, devised and built by the firm, and operated by hydraulic power, 
with which the yard is amply supplied. The pressing engine is one 
furnished by Brown, of Edinburgh, whose recent improvements in hy- 
draulic appliances meet with great favor. The Tweddell system of 
riveting is extensively used. There is a fine smith shop, 600 feet in 
leDt(th and 60 feet in width, with over one hundred fires, and an ample 
e(iuii>ment of hammers, including a large one capable of forging stern- 
posts and other large pieces. At both ends of this shop there are heat- 
ing furnaces for frames and plates, and bending slabs. 

The firm has excellent machine shops both at Dalmuir and Finneston 
street, Glasgow. They have all the necessary saw-mills, joiner's, car- 
penter's and cabinet maker's shops, and among their wood- working tools 
many were noticed of American manufacture, those of Fay & Co. being 
prominent. There is also an extensive boiler-shop, in which was found 
an efficient boiler-building plant, comprising flanging machinery and 
machines for drilling boiler plates in place ; punching, in Great Britain, 
being almost discarded for this sort of work. All of the shops men- 
tion are fitted with the electric light, both the arc and incandescent 
systems being employed. 

There is a tidal basin where vessels receive their machinery and spars, 
and complete their equipment. A three-legged shear, built by Taylor, 
of Birkenhead, stands at one side of the basin, and is capable of lifting 
120 tons. The heel of the back leg travels in a groove by the aid of a 
long screw ; light and heavy purchases are fitted, and the addition of 
two gafts to the outer legs makes this shear very convenient for every 
kind of hoisting. 

There are eight building slips, and owing to the conformation of the 
river, launching facilities are possessed by this firm which are excep- 
tional in the upper yards of the Clyde. Numerous girls are employ^ 
in making tracings and in French polishing the finer sorts of joiner 
work. 

THE SCOUT. 

When I visited Clydebank, the Scout, a steel torpedo-ship of an en- 
tirely new type, was being built for the British Government. Her 
length is 220 feet; breadth, 34 feet; depth, 19 feet, and displacement, 
1,430 tons. She has twin screws, and her engines are expected to de- 
velop 2,100 indicated horse power, or, with forced draft, 3,200, which 
should give her a speed of nearly 17 knots. About 400 tons of coal are 
carried, which will be sufficient for steaming 7,000 knots at 10 knots 
speed. She will be protected by a light steel deck of segmental section 
about 100 feet in length, extending over the machinery spaces. The 
machinery is further ]>rc)tected by coal. The twin-screw engines are 
both in the same engine-room ; the four boilers are placed in two water- 
tight fire-rooms. There will be eleven torpedo-tubes, and, in addition 
to torpedoes, which will be her special means of attack, she will be 
armed with four 5-inch guns and eight Nordenfeldts. 

The frame is entirely of Z-bars, and I noticed that in the difficult 
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work around the sbaft-pipeB they showed but little strain and seemed 
admirably worked. A double bottom is constructed under the engines 
and boilers. An unusual feature in this vessel is that the floor-platen 
and intercostals are galvanized, but the clips are not. There will be a 
light schooner rig. The cost of the Scout is stated to be £66,000. Be- 
side this vessel an amount of merchant work was in progress, incloding 
a large ship for the Beaver Line and a freighter for the West India 
trade. . i 

Messrs. Thomson have produced about two hundred vessels, aggre- 
gating 300,000 tons, and among their elegant collection of finished 
models are to be found those of such well-known ships as the Gallia, 
Servia, Aurania, and America. 

BftESSRS. DENNT'S 7ARD. 

One of the most widely known and scientifically conducted yards of 
the Clyde district is that of the Messrs. Denny, of Dun barton. The plan 
of their shipbuilding yard, herewith presented, illustrates its general 
arrangement and includes the recent improvements, which have been 
of an important character. The property is advantageously situated 
on a bend of the river Leven, near its confluence with the Clyde, There 
are 43 acres of improved ground and a reserve which has not as yet 
been occupied. The plan, which is made to scale, will show the general 
dimensions of the different buildings, many of which are one Btory in 
height. Corrugated iron, worked in arched bays of 25 or 30 feet and 
resting on wooden lattice rafters, is much used in the roofs of these 
structures. The plan will also show the systems of water-mains and 
telephone circuits as well as the railway communication throughout the 
yard, in addition to which there is an extremely convenient portable rail- 
way of narrow gauge, which can be taken up and relaid in a very short 
time. This is used for carrying plates and frames between the tools 
and the various building berths, and is an arrangement which must 
commend itself to all who have seen men carrying heavy portions of a 
vessel through ship-yard mire on an ordinary two-wheeled truck. 

A system of hydraulic mains extends to the several building slip^^ 
from a central hydraulic house, where one of Brown's pressing engines 
supplies power. There are two tidal basins, one of which, of large capa^ 
city, has just been completed, and is furnished with a shears for lifting 
100 tons, built by Day & Summers, of Southampton. 

The vessels are designed in a drawing office, or rather a series oi 
offices, whose outfit and facilities are very complete. I was here sbowB 
many ingenious devices for aiding the work of the office, including the 
improved integrator recently made for the firm by Amsler, of Geneva. 
The drawings are all kept in a large fire-proof room ; and connectet! 
with the drawing office there is a well filled library of technical litera 
ture, to which the draftsmen can refer upon such questions as may 
arise. Girls in considerable numbers are employed by the Messrs 
Denny, some as assistants to the draftsmen, and others in the upholstery 
and such departments involving light work. 

In connection with the design of vessels, especially vessels of hi^L 
speed, Messrs. Denny are deeply impressed with the importance of the 
experiments inaugurated by the elder Froude, and now so ably extended 
by his son. One of the latest developments of Leven ship-yard ha^ 
been the construction of a tank, similar to the well-known arrangement 
at Torquay. No expense has been spared, and the proprietors may \)e 
congratulated upon having availed themselves to the utmost of pre- 
vious experience to which they have added imx)rovements of their own. 
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Tlie tank is contaiued in a suitable building, and is approximately 350 
feet in length, 30 in breadth, and 10 in height . Close to the water, and 
suspended from the roof, at short intervals, by rods, are two stringers 
carrying rails on top, forming a naiTow-gauge railway, extending the 
whole length of the tank. On these rails the truck runs bearing the 
dynamometer, and drawing the model through the water. The model 
is kept straight, and is allowed a vertical and fore-and-aft motion but 
no lateral movement, through the aid of a frame or harness, by which 
it is connected to the truck. The truck is drawn by a wire rope which 
passes over the drum of a small double engine. IJnirormity of speed 
•of the engine is secured, or rather is sought, for the device has not been 
wholly satisfactory, by a hydraulic governor. This operates upou the 
principle of the cataract. A small pump, driven by the engine, sup- 
plies water to a cylindrical chamber in which a plunger works. Leading 
from this chamber is a discharge orilice, regulated by a cock. The 
plunger connects with the throttle, and governs the supply of steam to 
the engine, and the movement of the plunger is controlled by the waste- 
cock. When the latter is adjusted to secure a certain velocity of the 
truck, if the engine speeds up, more water is pumped into the chamber 
than the overflow will pass, and the plunger moves out, closing the 
throttle ; or, if the engine slows, the pump sends in less water and the 
plunger, in obedience to a spring which presses it back into the cham- 
ber, partially closes the valve. 

The mechanism which Messrs. Denny have had constructed, at con- 
siderable expense, for producing the models from the lines is very in- 
teresting. First, a mold is roughly made in claj', contained in an 
oblong box, a few sections of the vessel being used in sweeping up. An 
allowance for finish of about three-eighths of an inch is given. A core 
made of laths tacked against a few approximate sections, is covered with 
cotton cloth, and is so projiortioned as to give a thickness to the finished 
model of an inch or an inch and a quarter. When the core is prepared 
and put in ])lace, the material for the model, which is paraflBne with a 
suflBcient admixture of wax to give it the desirable qualities, is melted 
in a tank placed over a row of gas jets, and run into the mold. The 
core is easily broken out, and by pouring water around the model and 
making a few incisions with a knife between the paraifineand the clay, 
the liquid quickly insinuates itself and the model may be lifted out. 
For purposes of comparison models are made of a uniform length of 12 
feet. 

The copying machine to which the model is now transferred, is of 
elaborate and apparently complicated construction, although the under- 
lying principles are quite simple. A table, like that of a planer, carries 
the work, which is secured keel upwards. Two rotary cutters revolve 
on vertical spindles above it, and are operated through such mechanical 
movements as compel them to approach or recede symmetrically as re- 
gards the fore-and-aft central plane of the ship, while the table travels 
to and fro. The cutters are adjustable vertically to reach the different 
water lines of the ship, and their inward and outward movement is 
brought about in a manner which I w;ill now describe. Placed on its 
edge along the side of the machine is a board on which the lines of the 
vessel are mounted. It has a motion coincident with that of the table, 
but of adjustable amplitude to accommodate sets of lines of different 
lengths and reduce or expand them to the standard 12-foot model. A 
pointer, moving vertically in guides, is governed by a hand wheel to 
fbllow each water line as it passes behind it, and this motion is trans- 
mitted to the cutters and causes them to approach or recede in the man- 
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Der described. A lense is fitted over the pointer for following the lines 
with more precision ; and as the movement of the pointer corresponds 
only with that of the center of the cutters, and not with that of their 
I)eriphery, which is describing the lines of the model, it is necessary to 
attach to the point a semicircular plate, which shall take into accuinut the 
radius of the cutters, or, to be yet more accurate, a semi-ellipse which 
shall make correction both for the radius ot the cutters and the ratio of 
contraction ; and it is the perimeter of this plate which is made to follow 
the water line on the board. When the work leaves this machine it 
exhibits a series of stei)S, corres'ponding to the lifts of an ordinary 
wooden model. It is next yorked down and finished by spoke-shaves 
and appropriate tools. To strengthen the ])araffine shell and prodde 
a point of application for the dynamometer several wooden thwarts are 
fitted. 

In all essential particulars the dynamometer is similar to Mr. Froade's, 
of which frequent descriptions have appeared, and which 1 afterwards 
observed at Torquay. As in that apparatus, resistances are recorded 
on a paper wrapped on a cylinder which makes a whole or a partial 
revolution according to the length of the run ; pens are provided for 
automatically recording on the same paper equal intervals of time and 
distance actually traveled by the truck, also distance traveled through 
the water, as given by two delicate current meters ; other pens are used 
in special experiments. A series of springs of assorted strengths are 
used to record the resistance under different conditions of speed ; but 
their reading is always checked by the test of weights actually applied 
to the arm of the dynamometer. The line indicating the resistance, 
even when every precaution has been taken, is very irregular ; every 
portion of the mechanism seems to have its own period of vibration and 
leaves its mark. To correct this and tracie a mean line of resistance is 
the duty of a number of girls, who take the cards and, striking an ap- 
proximate line, determine by planimeters, measuring the area cut off 
on either side, whether or not it is suf&ciently accurate. This work is 
done in an office attached to the tank where records are kept and tables 
made out of the results of the numerous runs. 

Of the shops and tools of Messrs. Denny it is unnecessary to Bpeak 
. further than to say that they are similar to, and fully up to the stand- 
ard of the yards previously described. Their fine engine works, situated 
at about half a mile from the ship-yard, were in process of extension ; 
and the main shop, when completed, will be 500 feet in length. White 
glazed bricks are being used in the interior of this large buildingf, and 
will add much to the light as well as to the neatness of the shop. 

The work going on in the ship-yard was of a varied character ; sev 
eral light draught side-wheel and stern-wheel boats were constructing 
for China and India; a small yacht was being built for the colonial 
government ; the Arawa, a superior vessel for the New Zealand trade, 
was about to receive her machinery, which will be compound with triple 
expansion, working steam at an initial pressure of 160 pounds. She was 
fitting for the transportation of meat, and had refrigerating machinery 
on board. The holds were lined with charred shavings back of the ceil- 
ing and the deck beams, and stanchions were similarly inclosed iu non- 
conductors. The only paint used on the inside of the platings, and 
frames was a couple of coats of cement and sour porter, the surface hav- 
ing been first prepared with a wash of sal-ammoniac. 

The three yards thus sketched may be regarded as representative 
ones of this district ; while there may be others equally excellent and 
a number not much inferior, I feel that it would involve much needless 
repetition to describe them. 
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MESSRS. HARLAND & WOLFF. 



But before taking leave of the subject of private yards, I would men- 
tion tbe superior establishment of Messrs. Harland & Wolff, at Belfast, 
Ireland, which occupiesi about 50 acre^ of land on the peninsula known 
as the Queen's Island. The present establishment may be said to have 
been founded in 1859, when Mr. E. J. Harland acquired the premises of 
Messrs. Hickson & Co., with whom he had previously been manager, as 
well as the yard of the Belfast Shipbuilding Company. In 1861 Mr. 
Wolff became a partner and the firm has since been increased by the 
accession of Mr. W. H. Wilson and Mr. W. J. Pirrie, both of whom 
grew up in the establishment. The extensive business which this yard 
has enjoyed fv^ many years will be seen from the following statements: 
In the five years ending with 1864 thirty vessels were built, amounting 
to 30,276 tons; in the next five years thirty-six vessels, aggregating 
28,023 tons; in the next five years, ending with 1874, seventeen vessels 
and 46,283 tons ; in the next five years forty- four vessels and 57,068 
tons ; and in the five years ending with 1884, fori;y-two vessels and 
105,068 tons. In this is included a number of vessels for Reft Majesty's 
navy, among which may be mentioned the gun- vessels Lynx and Al- 
gerine, and the torpedo-ship Hecla. 

In 1870 they constructed the Oceanic, the pioneer of the fine trans- 
atlantic fleet of the White Star Line, and since that date they have 
built for Messrs. Ismay, Imne & Go. twenty vessels, amounting to 75,000 
tons. 

The location of the works is excellent, the slips being at each end, 
while between them are situated the workshops. A narrow-gauge rail- 
way intersects the works in all directions, and connects the various 
shops. 

The offices are very extensive, and a larger force of clerks and 
draftsmen are employed tban I have elsewhere observed. The draft- 
ing, particularly, was carried out with an extraordinary attention to 
detail ; and their system of accounts, which was courteously explained, 
evinced a methodical completeness seldom met with. 

Many of the buildings are of wood, this material being preferred be- 
cause, among other reasons, the treacherous nature of the ground has 
made foundations a source of great expense and trouble. The shops 
are detached from each other and communicate in the second stories by 
^bridges, which are contrived to be easily thrown down in the event of 
fire. As many as 4,000 men are often employed by this concern, which 
is self contained to a very great extent, and manufactures for itself most 
of the outfit of its ships. The upholsteiy, cordage, and sails are all 
made by the establishment. There is a large engine-shop and a foundry, 
both of which are well arranged. There are eleven building-slips, 
adapted for vessels of the largest size. Three of the finest slips have 
just been finished at an expense of £6,000 each, so great has been the 
amount of piling necessitated by the sofb character of the ground. 

The method of carrying out work is original, and, so far as I have 
observed, different from that of any other firm in the United Kingdoms. 
The system of contracting, in which the quartermen of the yard will 
offer to put in such bulk-heads, or lay such decks, or do given jobs of 
riveting, &c., for a definite price, almost universal in other yards, is, 
in the practice of Harland & Wolff ignored ; and with the exception of 
less careful work, like riveting of frames, is never resorted to. In this 
matter considerable superiority of workmanship is reasonably claimed 
H. Mis. 237 5 
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to resnlt. In manafacturiDg so much of their own outfit they do not 
seek profit, which in moderate manufactures of this sort cannot accrue, 
so much as the control which they thus possess over the qaality of tlie 
material entering into their productions. As another matter in which 
this firm was found to be unique, I would mention that, of the seven or 
eight vessels building at the time of my visit, four ware being con- 
structed on the unusual basis of charging the time and material with a 
percentage of profit for the builders. 

A good stone dry-dock, owned by the city of Belfast, is adjacent to 
the property of Harland & Wolff, and a three-legged shear, of 80 U}m 
lifting capacity, is near by, and is also city property, though built and 
much used by the firm. 



MANAGEMENT OF WORK AND EMPLOYES AND THE EDUCATION 
AND PROMOTION OF THE PERSONNEL. 



lu British private yards the balk of the work is given out to the men 
in small contracts. Day wa^es seldom amount to more than from 60 to 
65 i)er cent, of what the same trades receive in the United States. In 
the royal dock-yards the matter of wages is somewhat amended ; most 
of the labor is day work, and the employes have considerable attention 
paid to their comfort — about one-third of the men are called ^^estab- 
lished," and. have a pension to look forward t/O when advanced in life 
and incapacitated — a wise provision, encouraging good conduct on the 
part of the men, and rendering a strike in the dock-yard an impossi- 
bility. The average hired man in the Government yards gets Ss. bd. 
per day, and the average ^^established" man gets 4«. 6^(2. A leading- 
mau of shipwrights gets 6«. 6^e2. 

In both public and private yards the men are subject to formidable 
lists of regulations, and in the latter the rules are particularly stringent. 

Time is usually kept on the ticket system. Every man is known by 
a number, stamped on a metal check, which he takes from a box on 
entering the gate and deposits on leaving. Sometimes this check is a 
wooden tag, having the number on the front, and on the back a silicate 
slate on which the workman writes briefly the name of the job on which 
he has been employed. 

The hours of labor in the royal dock-yards vary with the season of 
the year. In the private concerns of England the week's work is made 
up of fifty-six hours. The workmen come at 6 a. m. and work till 8, 
when they have half an hour for breakfast. At noon they take an hour. 
On Saturdays they stop at 1. Time and a quarter is usually paid for 
overtime. 

In France wages are extremely low, and the condition of the work- 
ingman is correspondingly depressed. In the dock-yards laborers get 
al^ut 30 cents per day; blacksmith's helpers, 35 to 45 cents ; a second- 
class shipwright, 45 to 55 cents; and a very competent shipwright may 
get 80 cents. Average blacksmiths, fitters, and turners get about 60 
cents. A competent smith will get 80 cents. After years of service, 
when looking forward to becoming a foreman, he will get $1 per day, but 
no foreman gets more than 8 francs or 91.60. After twenty-five years' 
employment every workman is entitled to a pension, which is two-thirds 
of his greatest pay. This pension is what most of the employes are look- 
ing forward to, and it does ifluch to reconcile them to their rather forlorn 
condition. In the summer months they work from 5 a. m. to 7 p. m., 
stopping from 8 till £30 and from 12 till 1.30. In winter the hours of 
labor are from 6 a. m. till 5 p. m., with a half hour for breakfast and an 
hour for dinner. 

In some private establishments and in many dock-yards, both in 
England and France, a large room is fitted up as a place where men can 
come and eat their dinners in warmth and comfort. In these rooms 
steam-ovens are sometimes provided in which dinners can be warmed 
by an attendant. I consider this a praiseworthy arrangement, and one 
which conduces greatly to a cheerful and contented working force. "* 
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Much attention is devoted to water-closets, which are seldom filthy 
sheds, overhanging the river, bat well kept and cleanly and under strict 
surveillance. The regulations of private yards as to time spent in 
* latrines are rigid and almost severe. In many cases the entrance is 
through a little office, where a clerk keeps account of every man's num- 
ber and his time ; and in one establishment this was carried to the re- 
finement of making out weekly averages for every employ^. Fines are 
imposed for unnecessary delay, and, like most penalties for infringe- 
ments of yard regulations, the proceeds are devoted to a charitable fund. 
I here insert tlie rules of a well-known Clyde firm. 

RULES OF GOVAN YARD. 

All piece-workers and their helpers^ and time- workmen are engaged on the oondi- 
tlon that they nhall observe the tbllowing rules or forfeit the undernoted penalties. 

All fines shall be paid to the accident fundi and the amount will appear yeariy in 
the account of that fund. 

I. — General. 

(1) Each pi^ce-worker, piece-worker's helper, and time-worker, who is not paid an 
upstanding wage, shall be known by a numberi aa weU as by name, and ahall taki 
from the time-keepers a ticket with his number on it each time he enters the yard, and 
shall place it each time he goes out of the yard in the box corresponding to the ship 
he is at. 

Time-workers will be provided with tin tickets and piece workers and tbelr helpers 
with brass tickets. 

All vessels being built will be known by numbers. Repair Jobs, and sach yard ac- 
counts as are to be kept separate, will be known by their names. For each of these 
a separate box will be provided for receiving the tin tickets at the time-worker's en- 
trance, and at the entrance of the piece-workers and their laborers similar boxes will 
be provided for the brass tickets. 

All employes on first receiving a ticket shall have their time rate of pay fixed by 
the foreman. This rate will be entered in the new worker's rate-book, and any piece- 
worker, piece-worker's helper, or time-worker failing to take and put in a ticket as 
above described shall be liable to have time taken off* him at the rate of pay against 
his name. 

(2) Any person depositing his ticket in the wrong box shall be fined threepenee for 
the first offense, sixpence for the second, and one shilling for each time afterwards. 

(3) In the case of a piece-worker or piece-worker's helper being fined, the sum will 
be deducted from the earnings of the squad he is associated with, and intimation 
given to the bead of the squad before the pay takes place. 

(4) The subscriptions to the accident fund will be assessed at these ratoa ; those 
who do not wish to Join being required to give intimation to this effects 

(5) Whenever a time-worker goes on piece he must give up to his foreman bis tim« 
ticket, who will give him a note to the time-keeper to give him a brass ticket. The 
foreman will then put on record the terms on whici the contract work is to be done. 
Any one losing or destroying a ticket shall be charged threepence for a new one. 

(U) The time-keepers will be in their ticket-offices fiiteeiT minutes before each timt 
of commencing work. Five minutes after the bell has rung for commencing work in 
the morning, and when the bell has ceased ringing after meal hours, the time-keep«< 
will mark each man who comes in from that time until fifteen minutes after the be!) 
has stopped, and shall deduct from the pay of the time-workers half an hoar, and ui 
piece-workers and their helpers one-quarter of an hour, at the rate of pay againat theii 
names. 

Fifteen minutes after the bell the workmen's gate will be closed, and no mon 
tickets issued on any account after that time. 
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When half an hoar has elapsed the ticket-office will be closed and the gates opened 
and all strangers excluded; the time-keepers will see this done. 

(7) In the morning and after each meal honr, when the bell has ceased ringing^ 
strangers seeking jobs will be admitted inside the gate, and the foremen will make 
up, as far as possible, broken or incomplete squads by engaging strangers at the fol- 
lowing rates for three hours' work : 

Riveters 2 6 

Holden-up and iron-workers' helpers 1 6 

Rivet and hobby boys 9 

Strikers 1 6 

Laborers 1 

Any worker refusing to make up his sqnad in this way and enable the work to pro- 
ceed will be liable to be dismissed at once. 

The time-keeper will take the names of strangers being taken on for temporary par- 
posesi and charge the above sums against the squads they are assisting. When this 
is done these men will be allowed to pass down the yard. For no other purpose will 
strangers be admitted, and any employ^ taking a stranger into the yard without per- 
mission from the office or the manager shall be fined If. People bringing meals are 
excepted. 

(8) Any workers discharged during working-hours, or having to stop on account of 
rain, or from any other cause, must hand their tickets in at the ticket-offices, or, if 
they are closed, t-o the gateman as they pass out, stating the ship they are working 
at. Anyone neglecting this rule will be fined 1«. Such workmen and all men requir- 
ing to leave the yard daring working-hours on the firm's business must present to the 
gateman a line from the foreman. 

Workmen on being discharged must present to the pay-clerk a line of clearance 
from the foreman or stofeman, certifying that the tools given out to them have been 
returned in a satisfactory condition ; otherwise their pay will be withheld, and the 
cost of the said tools shall be deducted. 

(10) All rivets delivered out must be accounted for by each set of riveters, either In 
rivets put in, returned good, or spofled. All rivets left over must be returned to the 
store every blind Saturday, or before a squad leaves. Any one failing to observe this 
rale shall be fined Is, 

(11) All service bolts and nuts are to be returned to the store before new bolts and 
nats are given out for other jobs. 

(12) All piece-work will be measured or counted up to the score off time, and no 
allowance will be given on any account for work completed after that time. 

(13) On all piece or contract work 5 to 10 per cent, may be retained from the amount 
done each day until the whole contract has been completed. 

(14) Employes who have received lamps, bears, or ratchets, or such like tools from 
the stores, must return them each blind Saturday to have them checked. Any one 
neglecting this rule shall be fined 6(1. for each offense. 

(15) Any employ^ going out of or coming into the yard by any other way than the 
workmen's entrance or gate-house shall be fined Is. 

(16) Any employ^ found in the yard or on board any vessel, without permission, 
fifteen minutes after the bell has rung for leaving off work for the day shall be fined If. 

(17) Boys under 16 years of age on first receiving a ticket must deposit a certificate 
of their birth with the time-keeper, and present themselves on the following Thursday 
to be examined by the surgeon. Any one neglecting this rule will be fined 6d. 

(18) Workmen, apprentices, and boys who are persistently irregular in their attend- 
ance shall be dismissed. 

(19) Any one committing a nuisance in any part of the yard or on board of any of 
the ships instead of using the latrines and urinals provided shall be fined 1«. 

(30) Seven minutes are allowed in the latrines, and smoking is strictly prohibited. 
Any one infringing this rule will be fined 1«. 
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(21) Any one Binoking during working hours shall be fined 1«. 

(22) Smoking during meal hours will be allowed in fche iron sheds, smitheries, and 
fluishing-shopSi and in the open yard where there is no light wood- work, but any one 
found smoking in the joiner-shops, boat-sheds; spar-shed, saw-mill, wood-racks, stores, 
paint-shops, or in the cabins of ships lying in the river, or other parts where there is 
light wood-work, shall be fined 2«. and render himself liable to be dismissed. 

(23) During meal hours no men or boys are to be on board vessels on the stocks, or 
down about the water side. They must remain in the upper portion of the yard. Any 
one breaking this rule will be fined It. 

(24) In wet weather, or when men have finished their jobs, they may stand about 
the furnaces ; but any men or boys found there or in any part of the yard after they 
have been distinctly told to leave by their foreman or the manager shall be fined 2«. 6d. 

(25) Overtime will be paid only after the regular number of working-hours for the 
day involved have been completed. For instance, no overtime will be paid to a worker 
not beginning work till breakfast time, until he has made up the time lost before 
breakfast time. 

(26) Employ^ leaving their employment during the currency of a fortnight will 
receive their wages on the first pay-day, but if they are dismissed they will receive 
their money at the time of dismissal, unless they are suspended for a breach of these 
rules. 

All errors of pay must be rectified on or before, the Monday following the pay-day, 
after which no complaints will be received. 

(27) All workmen sent to Greenock or Gareloch will get It. per day, and appren- 
tices 6d. extra, and they will find themselves in food and everything except railway 
fares. The time during which they are traveling, until their arrival at Glasgow sta- 
tion, as well as the time during which they are working, will count as overtime, 
being paid after the usual working-hours. 

(28) All Lancefield men working in the yard shall conform to the yard rules. The 
workmen of other employers shall pass through the gate-house each time they enter 
the yard and shall have their names taken down by the gateman. They must con- 
form to the rules of the yard and give their names when required to do so by any of 
the firm's fpremen or officials. 

(29) Employ^ must show their tickets on being requested to do so by any of th e 
firm's foremen or oflicials. 

II.— AOAIKST ACCIDENTS. 

(30) Any person found the worse for liquor, or taking liquor into the yard or ves- 
sels, shall be instantly' expelled and fined 2«. 6d. 

(31) Any workman, who, after having served himself, leaves staging, ladders, gang- 
ways, or fastenings of any kind, in an unsafe condition for those coming aft^er him 
shall be fined 2s. ; and he is required to report to his foreman any defects through 
wear and tear, or from other causes, that he may have observed, and which might 

, lead to an accident. 

(32) Any one carelessly handling materials, or throwing them down without giving 
proper warning, or neglecting to close hatches or holes after him, will be fined 3«. All 
rubbish and cuttings taken from the deck of vessels are to be passed down a chute. 

(33) Any pernon leaving a wood-working machine running, or attempting to clean 
any machine while it is in motion, shall be fined 1«. 

(34) Naphtha lamps may be used in places where the floor is of iron, or where a 
wood deck is laid, provided there are no cant« or bulkheads fitted or loose wood lying 
about, and provided a barrel of sand is close at hand. Each lamp must have a proper 
screwed plug and a strong suspender. Any one using a lamp where there is joiner's 
wood, or other loose wood, shall be fined 1«. No naphtha lamp is to be left in any con- 
fined place in case of an explosion. 
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(35) Any one in the Joiner's shop striking matches or naing a naked light shall be 
fined U. 

(36) In cases of accident wounded persons are to be lifted only by members of the 
Ambulance Corps, if these are available, and the stretcher is always to be used. 

III.— Against waste. 

(37) Any one taking without special permission of his foreman, a piece of new deck- 
plank, batten, or other wood and converting it into a shore, thort, or other yard im- 
plement will be fined If. If the wood is spoiled for the purpose it was intended for, 
he will be charged the cost of the wood at the saw-mill rates, viz : 

Per cnbio foot. 

«. d. 

Teak 7 

Mahogany 8 

Yellow pine 3 3 

Pitch pine 2 3 

Or at other current rates. 

(38) Any worker found destroying wood or any other material or damaging plant or 
buildings, or carelessly breaking hammer-shafts, or wasting coals, paint, oils, naphtha, 
or other material, or carelessly burning rivets, or leaving them on the ground or 
staging, shall have the cost of such wasted property deducted from his wages, or shall 
be fined 2$. 

(39) Any worker knocking the heads off service-bolts to save unscrewing the nuts, 
or cutting a shore to save him from looking for one of proper length, or, withoat his 
foreman's permission, cutting ribbands, thorts, or other yard implements, or pj care- 
lessness allowing ropes to be chafed, shall be fined 2$, 

(40) Any one allowing gas, candles, or naphtha to burn, or water to run uselessly, or 
who needlessly destroys painted work or polished wood-work, shall be fined 2$, 

(41) Any one using a machine-tool for heavier work than it is intended for, or driv- 
ing it too fast, or neglecting to work it properly, shall be fined 2$. If the machine- 
tool breaks down he may be held liable for the damage done. 

(42) Any rivet boy or other person leaving behind him red-hot tongs, rivets, or 
coals, or any burning material, or leaving fires above a wood deck without trays 
placed below them, shall be fined 2s, and may be held liable for damage. 

IV.— Against dishonesty. 

(43) Any time-worker found Jobbing for himself, or giving assistahce to piece- 
workers, or idling his time, or leaving off work to be at the gate when the bell rings, 
or taking an unnecessary time to get to his work after receiving his ticket, shall be 
fined 28. t and may be instantly dismissed. 

(44) Any workman putting in a time-ticket after he has started working on piece 
shall be fined 2f. 

(45) Any employ^ attempting to defraud the firm, either on their own account or 
for others, through the time-keeping system, or to cheat the piece-work clerks, shall 
be find 29. 6d. 

(46) Any workman found to be dishonest toward his coworkers may be turned out 
of the squad or have his contract broken. 

(47) Any workman breaking open another workman's box, or taking tools from 
him, shall be fined 2«. 6d, 

(48) Employ^ fonnd taking pieces of wood or chips out of the yard, without an 
order, will be charged for the wood at the saw-mill rates ; or for this offense, as well 
as for all more serious thefts, they may be handed over to the police. Any suspected 
person will be made to stand aside until the other men have passed out. 
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APPRENTICES. 

In British engiDeering concerns of late years two classes of appren- 
tices have been taken. The one is composed of those who are too poor 
to pay for instruction, and who often have no purpose of rising higher 
than mechanics ; the other is made up of wealthy men's sons who wish 
to gain a knowledge of the business. The former usually receive noth- 
ing for their first year and are then gradually raised. The ^* gentleman 
apprentice," as he is called, pays from 200 to 300 guineas for five years- 
instruction, and enjoys great privileges. 

In Her Majesty's dock-yards, boys to be apprenticed as shipwrights 
and fitters are entered through competitive examinations. The appli- 
cant must be between 14 and 15 years of age, and he must satisfy the 
superintendent of the yard of his age, good character, and physical 
fitness. He must also be a child of a British subject. The examination 
comprises arithmetic, geography, handwriting, grammar, Gnglish com- 
position, the first three books of Euclid and- Algebra up to and includ- 
ing quadratics. Those having the necessary qualifications are bound 
by indentures to serve seven years. During the first year tbey are 
paid 38. per week; this increases 28. per week eaeh year, nntil in the 
seventh year it amounts to 15«. per week. 

After five years spent in the dock-yard, a limited number of the ap 
prentices are sent to the Royal Naval College, at Greenwich, for three 
sessions, spending the vacations at the dock -yards. After this coarse 
is concluded they return to the yards and are given positions as super- 
numerary draughtsmen, or they may be sent to sea for one year in Her 
Majesty's ships, to return to the dock-yard duties as stated above. Such 
graduates of the Naval College may pass through the different grades 
of assistant constructors in accordance with the regulations of the 
Boyal Coips of Naval Constructors, which I append : 

A corps of ship-bnilding officers having been established by Her Majesty's order in 
council of the 23d of Angnst, 1883, the following instructions are issued for the 
guidance of those concerned : 

(1) The number^ designation, and salaries of the members of the corps will be asi 
follows : 

ADMIRALTY. 

Director of naval construction, £1,500 per year, rising to £1,800 after five yeard 
service. 

Surveyor of dock-yards and chief constructor, £600 a year; duty pay of £100 pes 
year for acting for director of naval construction, and a London al nee of £IZ4 
a year. 

Two chief constructors, £600 a year, rising to £850 by £25 a year, and a Xjondos 
allowance of £150 a year. 

Three constructors, £400 a year, rising to £550 by £20 a year, and a London allow 
anoe of £120 a year. 

Five assistant constructors, first class, £300 per year, rising to £450 by £ 15 ytei 
year. Duty pay of £50 per year to assistant constructor in charge of foreign records 
Duty pay of £50 a year to assistant constructor acting for chief constructor. 

One assistant constructor, first class (for scientific experiments), £250 a year, risinj 
to £300 by £15 a year. 

Six assistant constructors, second class, £160 a year, rising to £240 by £10 a ye^i 
and a London allowance of £50 a year. 
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DOGK-YARDB. 

Three chief coDBtructors, Chatham, Portsmouth, and Devonport dock-yards, £700 
a year, risiDg to £850 by £25 a year, and a house. 

Three chief constnictors, Sheerness, Pembroke, an& Malta dock-yards, £600 a year, 
rising to £7C0 by £25 a year, and a house. 

Eight constructors, £400 a year, rising to £550 by £20 a year, and a house. 

One constructor, Hong-Kong, £400 a year, rising to £550 a yeaf ; a house or an al- 
lowance of £150 a year in lien thereof; and a colonial allowance of £100 a year. 

One constructor, Bermuda, £400 a year, rising to £550 by £20 a year, a house and 
a colonial allowance of £100 per year. 

Ten assistant constructors, first class, £250 a year, rising to £300 by £15 a year. 

Eighteen assistant constructors, second class, £160 a year, rising to £240 by £10 a 
year. 

Nine assistant constructors, third class, £110 a year, rising to £150 by £10 per year. 

DUTIES. 

(2) The corps of naval constructors will be under the controller of the navy. 
(3; The director of naval construction will be the head of the corps, and will per- 
form such duties as may be assigned to him from time to time by the Admiralty. 

(4) Chief constructors and constructors will be intrusted with the designing, build- 
ing, fitting, and repairing of ships for Her Majesty's service. 

(5) Assistant constructors of the first class will be employed in the office of the 
controller of the navy, in preparing designs and specifications of the ships to be 
built or refitted, or on such other duties as may be assigned to them by the controller. 
In the dock-yards they will take charge of the drawing offices, conduct special expe- 
rimental investigations, act as foremen of the yard when selected for that office, and 
be Employed as overseers of works in progress at contractors' premises. 

(6) Assistant constructors of the second class will be employed in the office of the 
controller of the navy to assist in the preparation of plans and specifications, as 
overseers or assistant overseers of works in progress at contractor's premises, as pro- 
fessional secretaries to the chief constructors at the home dock-yards, in the supervis- 
ion of the record of weights of materials worked into ships in process of construc- 
tion, iu the preparation of return of weights carried, and other estimates of the 
draught and trim of ships, and in giving such assistance to the superior officers of the 
corps as may be directed by the controller of the navy or by the superintendents ol the 
dock-yards to which they may be attached. 

(7) Assistant constructors of the third class will be employed in the dock-yards in- 
the supervision of the weights of materials worked into ships in the process of con- 
struction, in the preparation of returns of weights carried and other estimates of the 
draught and trim of ships, and in giving such assistance to the superior officers of the 
corps as may be directed by the controller of the navy, or the superintendents of the 
dock-yards to which they may be attached. 

ENTRY AND TRAINING. 

(8) Studentships in naval construction, not exceeding three in number in any one 
year, will be offered to public competition at the annual examination for engineer 
studentships in Her Majesty's dock-yards, the limits of age, subjects of examination, 
and other conditions being those prescribed from time to time for such studentships. 
The studentships in naval construction will be offered to the successful candidates at 
the examination in the order of merit. 

(9) The candidates who receive appointments as students in naval construction 
will reside for a term of six years at Portsmouth in the Training-School for Engineer 
Students, and be subject to the same conditions as to fees, pay, uniform, and other 
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details as may be prescribed from time to time for engineer stndents. Their coarse 
of instruction will be laid down from time to time. 

(10) With a view to obtain candidates from the existing souroe of supply, concar- 
rently with those entered by public competition, the following regulation will be 
adopted for the training of shipwrights' apprentices in the dock-yards: 

{a) The limits of age for the entry of apprenticed will be from 14 to 16 years. 

(6) A limited number of apprentices who pass the best examination at the end of 
their third year, and are recommended for conduct, will be permitted to attend school 
for another year. 

A like rule will apply to the examination of apprentices at the end of the foarth 
year. 

(o) After the examination at the end of the fifth year, apprentices who pass a 
highly creditable examination, and are recommended for conduct, will be eligible for 
transfer to the training-school. The number to be admitted to the school will be 
fixed annually by the Board of Admiralty in accordance with the requirements of the 
service. 

(d) To meet the expenses attendant upon admission to the training-school the 
selected apprentices will receive studentships of the valuiD of £25 each, tenable for 
one year. 

(11) Students in naval construction, on passing satisfactorily ftt)m the trainini;- 
school, will be admitted to the Royal Naval College at Greenwich, on probation, for 
one year, at the expiration of which period a report of their progress will be made to 
the admiralty. Should the report be unsatisfactory the students will be discharged 
from the service, or sent back to the dock-yards as apprentices, as the case may be. 

(12) The engineer student who stands first in the final examination held annaally 
in the training-schools for engineer students, will, if recommended by the director of 
studies, be allowed the option of admission to the Royal Naval College as a student 
of naval construction. 

(13) While at college, students in naval construction will be required to wear a 
suitable uniform. 

(14) Bonds: On entry a student will be required to join with his parents or gaard- 
ians in a bond of £300 to enter the service as an assistant constructor if his services 
are required. 

(15) An assistant constructor will not be permitted to leave the service until seven 
years have expired after the completion of his term at the Royal Naval College, 
unless he shall pay the sum of £300 if entered as a student from the apprentice class 
or the sum of £500 if entered by competition. This payment is for the purpose of 
defraying the charges incurred by the public for his education. 

(16) Liability to foreifm and sea service : Every student entering the royal corps 
of naval constructors will be liable to serve at any foreign naval establishment the 
admiralty may direct; he will also have to proceed to sea if so required. 

PROMOTION. 

(17) Such students as obtain first and second class professional certificates on their 
final examination at the Royal Naval College will be admitted to the corps ; the 
students who obtain first-class certificates will be appointed second-class assistant 
constructors, and the students who obtain second-class certificates will be appointed 
third-class assistant constructors. Students who obtaiu third-class certificates will 
not be admitted to the corps, but will receive, as heretofore, appointments as draughts- 
men in the dock-yards. 

(18) Foremen of the yard eligible to the corps: Any foreman of the yard whose age 
does not exceed 50 years, and who is specially recommended by his superior ofiQcers, 
may be admitted to the corps of second-class assistant naval constructors, provided 
he passes a qualifying examination in the elements of ship design and the calculations 
connected therewith. 
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(19) Foremen so transferred will have all the snperior appointments in the corps 
open to them. 

On admission to the corps foremen will retain their existing scale of salary so long 
as they remain in the grade of assistant constructor of the second class. 

(20) Candidates from outside the service: A limited number of candidates under 
25 years of age, who can furnisH evidence of character and of thorough training in 
practical ship-building, will be permitted to attend the annual examination held at 
the Royal Naval College at the conclusion of each session. Should these candidates 
succeed in obtaining first or second class professional certificates they will be offered 
appointments as assistant consttuctors of the class to which their certificates would 
entitle them. 

(21) Assistant constructors of the third class will serve for five years in that grade 
before being eligible fur promotion, and such promotion will be by seniority as vacan- 
cies occur, provided that the officer is favorably reported for character, ability, and 
industry. 

(22) Assistant constmct^irs, on promotion to the second class, will generally be em- 
ployed for a time in the department of the controller of the navy. 

(23) Promotion from the second to the first class will be by selection. Assistant 
coutttrnctors who obtain first-class certificates will be eligible for promotion after five 
years' service after the date of leaving the Royal Naval College, and those who obtain 
secoud-class certificated) will be eligible after seven years of such service. 

(24) Vacancies in the grade of constructor will be filled by selection from the as- 
sistant constructors of the first class. 

(25) Vacancies in the grade of chief constructor will be filled by selection from the 
const rnc tors. 

(26) In making selections for advancement in all grades of the corps the admiralty 
will be guided solely by the consideration of special fitness for the vacant appoint- 
ments. To mark this unmistakably the names of the gentlemen belonging to the 
corps will be arranged in alphabetical order in their respective classes. 

(27) Annual reports on the assistant constructors will be made by the chief con- 
structors of the yanls and forwarded by the superintendents to the admiralty. These 
reports should mention the large or prinoipal works upon which the assistant has 
been employed dnring the year. 

RBTIREMRNT. 

(28.) The present regulation as to compulsory retirement at the age of sixty years 
will remain in force. 

Admiralty, Xovemher 19, 1883. 

Before proceeding to give a detailed description of the coui^se of in- 
8traetion for students of naval architecture at Greenwich, it may be 
iuteresting to take a brief glance at the history of naval edacation in 
general. 

Schools for naval officers had their origin in France, about the year 
1630, nearly one hundred years in advance of the Royal Naval Acad- 
emy, which was established at Portsmouth, England, in 1729. The 
French Government gave much encouragement to its naval schools, 
resulting in a steady iMlvancemeut toward perfection of the science of 
ship- building and the art of naval architecture; mathematicians and 
Hcieotific men of great ability were induced to give their attention to 
this important subject, and the subsequent publication of M. Bougner's 
Traite dn Navire, and of the works of the no less renowned authors, 
Ueonard Euler, Juan d'Ulloa, and Chapman, formed the substantial 
fbandation upon which the modern science of shipbuilding has been 
erected. 

louring all this time scientific investigation and the study of the 
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principles of ship constraction had, apparently, been at a standstill h 
England ; but in 1811 a n^w impulse was given to the movement by 
the formation of the School of Naval Architecture^ at Portsmouth, 
under the management of Professor In man, of Cambridge University, 
to whom England is indebted for the translation of several valaabii 
works, among them Chapman's Architectura Navalis Mercatoria. Thii 
school was, however, not a success, owing, no doubt, to the oppositioi 
it experienced from both naval officers and ship-builders, who dislikd 
any methods which tended to prove their education defective. It wai 
abolished in 1832, and seven years later the ftoyal Naval Academy sot 
fered the same fate, because of the imperfections of the system of ap 
pointments, which did not require the candidate to be a graduate of thi 
academy. The Naval Academy was succeeded by the Bojal Naval Cot 
lege, founded at Portsmouth in 1839. The School of Naval Architect 
ure was re-established in 1848, only to be closed in 1853. But in 18$ 
it was reopened under a much improved organization, and continued i 
operation at South Kensington until 1873, when it was consolidate 
with the Royal Naval College, which was transferred to Greenwich i 
October of that year, and is at the present day devoted to the educatia 
of offi<:ers for all branches of the service. 

In the United States the attention of Congress was called to ti 
necessity of establishing a school for the education of officers for tl 
Navy as early as 1800; but it was not until the administration of Pre 
ident James K. Polk, in 1845, that the Naval School was formed 
Annapolis, in the State of Maryland. In 1849 it was reorganized, tl 
course of studies was revised, and the name of the institution change 
to the ^< United States Naval Academy." The course of studies wa^ 
again reconstructed in 1865; and although several changes have sinct 
been made in the laws regulating admissions, there have been no mati^ 
rial alterations in the system of instruction which was then arranged. 

The following account of the course pursued by the students of navil 
construction at Greenwich is interesting: 

COURSE FOB NAVAL ARCHITECTS AT GREENWICH. 

The course of instruction in naval architectare in the Royal Naval College is* ar 
ranfi^ed to be finiBhed in three years. Each year constitutes a session of nine moDtl« 
Christmas and Easter divide the session into about three equal terms. Intermedav 
examinations are held at these times to test progresi*, after which holidays of t«i 
weeks are granted to the students. AH examinations for graduation, ^c, are hn- 
in June, and are designated final examinations. 

The method of instruction consists of a series of lectures on each subject, at whi 
the students take notes. In the more difficult subjects, as mathematics and mecha: 
ics, not all the time is devoted to lectures, but the greater part is used in giving int 
vidual instruction, the professor and his assistants remaining in the ol«a»-rooni ' 
answer questions and explain parts of the lectures. There are seven honrs a day •: 
class-room instruction, four in the morning, from 9 till 1 o'clock, and three in t^ 
afternoon, from 2 till 5. 

The morning is devoted to mathematics and mechanics, and also to lecture^) i 
physics and chemistry. There are three mornings of three hours each for niathero^ 
ics and three for mechanics. The morning hour of each morning is given to lector 
in physics and chemistry. 

The studies of the course are grouped in two classes, called theoretical and pra<' 
cal. The theoretical branches consist of pure and applied mathematics, applied r. 
chanicB, propulsion and resistance of ships and theory of waves, and stability a: 
oscillation of ships. The practical branches include all the professional worky so: 
subjects in applied mechanics, and practical and theoretical physios and chemistry. 
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The course in mathematics is equal to the highest university course in England, 
and is under the special charge of Professor Miller, M. A. In the first year the ele- 
mentary pure mathematics are finished, including a rapid review of geometry, alge- 
bra, trigonometry, and conic sections. To the differential and integral calculus more 
time and care are devoted, especially the former. A short course in descriptive and 
modern geometry is given the first year, but it is not included in the final examination 
for graduation. In applied mathematics the first year's course includes analytical 
statics, kinematics, kinetics, and some portions of dynamics of a particle and hydro- 
statics. The second year's work alternates as to subjects, as the second and third 
year students take their instruction together. It includes either solid geometry or 
differentia] calculus in pure mathematics; and hydrostatics and hydrodynamics, or 
rigid dynamics, in applied mathematics. One-third of the second year's work consists 
of a few minor special subjects, such as higher conic sections, including abridged 
notation and trilinear co-ordinates, determinants, theory of equations, and a few un- 
finished parts of the differential calculus. These subjects are given the latter part of 
the session, while the third-year students are passing for their graduation. 

Todhunter's mathematical series are used, partly for reference and partly for study , 
many of the methods being replaced by the professor's notes. Professor Miller adopts 
with his students a system of asking questions, and draws from them all their knowl- 
edge upon any subject before explaining it in his lecture. 

The applied mechanics is by far the most important department of the theoretical 
or scientific studies. In the first year the course consists of calculations of stresses 
on structures, the graphic representation of shearing forces and bending moments, the 
theory of virtual velocities as applied to machines for the construction of curves of 
ratio velocities or efibrts, strength of materials, theory of steam and the steam-engine, 
heat and combustion, and an elementary course in hydraulics. The second year's 
work includes hydrauUcs, deflection of beams, graphic statics, and an elementary 
course in trochoidal waves. The last year is devoted to strength of materials, the re- 
sistance and propulsion of ships, including the stream-line theory of resistance, and 
theory of waves. All work in this department is under the supervision of Professor 
Cotterill, M. A., F. R. S., the author of several valuable works. He has been known, 
since the death of Professor Rankine, as the highest authority in England upon ap- 
plied mechanics. His, lectures, and the questions which accompany them, show with 
what care the course is arranged so as to be thoroughly applicable to questions arising 
in practice. This department, therefore, forms the important step for making scien- 
tific knowledge useful to the practical mind. In the first year's work Professor Cot- 
terill avoids all use of the higher mathematics, and the course could be taken with 
advantage by any one who had but a fair knowledge of algebra, geometry, and trigo- 
Donietry. In the other years, however, applications of the integral calculus and of 
difi'erential equations are necessary. Mr. Hearson, chief engineer, R. N., is the assist- 
ant in this department, and conducts all the lectures of the second-year students. 

The students in naval architecture attend the general lectures iu physics and chem- 
istry given at the college. Besides these lectures there is a three-years course in prac- 
tical chemistry on qnalitative analysis, and a two-years course in practical physics. 
The latter includes the determination of the specific gravities of various substances, 
the moduli of elasticity of metals, moments of magnets, resistance of batteries and 
circuits, and work upon light and heat. The physical and chemical laboratories are 
very extensive, and all the apparatus is of the first class. 

Two or three afternoons a week are devoted to the professional work. In the first 
year the coarse includes ship calculations and laying off". Each student performs very 
4»refnlly the following operations: 

Proofs and applications of the rules for finding the areas and positions of the cen- 
ters of gravity of plane curves, including Simpson's rules, the method of polar co-ordi- 
nates, and the graphic method. 

Proofii and applications of rules for calculating the displacement and center of buoy- 
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ancy of ships, inclnding the doable application of Simpson's mles to the usual fomu 
of displacement sheet; the same for radial or polar co-ordinates. 

Construction of curves of displacement and tons per inch of immersion, and their use. 

Determination of the position of metacenters for longitudinal and transverse incli- 
nations. 

Construction of metacentric positions for yarions draughts, or the metacentric 
diagram. 

Graphic representation of the distribution of buoyancy, and weight and determina- 
tion of the curves of loads, shearing force and bending moments in still water. 

The design of a midship section of a merchant ship under Lloyd's mles, to ^ive 
practical ideas of scantlings, &c., of the various parts, or a midship section of a war 
vessel showing the same. 

The laying off of the st«rn ft-aming of a wooden ship, showing the distribution of 
the timbers and their butts, and the determination of the bevelings of the cants and 
double cants, or the laying off of the stem of a steel ship, showiig the arrangement of 
the frames, &c. 

The graphic methods are used as checks, and all calculations have, if possible, du- 
plicate methods. For some of these calculations the students are arranged in twos, 
BO that they may cause mutual checks upon each other's work. 

At the close of the first year's course the student-s may be said to be familiar with 
the ordinary ship calculations. 

For the first three months of the second year the time usually devoted to the ap- 
plied mechanics in the morning is taken up in the calculation of stability, besidee the 
usual time in the afternoon. This work includes calculations of statical stability and 
construction of curves of stability, the determination of the dynamical stability by 
the integration of the former or by Moseley's formula. In this work an actual ship or 
a feasible design is used, and the calculations consist in making complete curves of 
at least three conditions of the ship : (1) Curve of statical stability when the ship is 
intact ; (2) curve of statical stability with the ship intact, in the light condition 
(when all the consumable stores are removed, and there is no water in the boilers or 
coal in the bunkers) ; (3) curve of statical stability when the vulnerable parts of the 
ship are riddled. Not only are the carves constructed for the usual range, but by the 
applications of a few simple principles of mechanics the curve of stability for the 
complete turning of the ship is worked out. This involves a large amount of labor, 
but is carried out in full, that the student may have a practical knowledge of the 
methods of determining this important feature of a ship. 

Beside these computatidns, the loci of the center of buoyancy, metaoenter, sarface 
of flotation, and polar curve of stability are constmtted for the same ship ; and these 
same curves are constructed for simple sections of various draughts, beams, and 
reserves of buoyancy, to show the effect of these upon stability. 

The remainder of the second year is taken up in design work. The stadeats are 
arranged in twos, each two taking up and completing a design. The selection of the 
type of the design is left entirely to the discretion of the students themselves. The 
design includes the preparation of the drawings of the ship and the calculation of its 
important qualities. With some assumed type the displacement is taken as the basis 
of the work, and the process of designing may be briefly summarized: 

Preliminary estimate of the dimensions to fulfill conditions as to draught, trim, armor, 
armament, speed, and equipment, as well as to provide sufficient stability. 

Preparation of sheer drawing, midship section, and plans of decks, holds, and flats ; 
specification of scantlings, preliminary to the determination of weights, &o. 

Calculation of the center of buoyancy and metacentric height. When this stage is 
reached detailed calculations follow as to the weights of hull, armor, armament, equip- 
ment, &c., and the estimation of the center of gravity. 

This marks the stage when the finished vessel, as to dimensions, may be completely 
determined to fulfill the required conditions as to trim, stability, &c., and oompletee 
the preliminary work. 
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Preparation of an outline profile and plans of decks and hold, showing the main 
features of stowage throughout the ship ; preparation of sail plan and calculation of 
the center of effort and tendency to stand up under canvas. 

Calculation for and construction of displacement curves, tons per inch of immer- 
sion, &c. 

Calculation of stahility in intact condition, hoth fully equipped and light, also in 
the riddled condition ; calculation of the metacentric diagram. 

Calculation of speed under steam. 

Calculation of longitudinal curves of weights, loads, shearing forces, and Vending 
moments of ship in still water. 

Calculation of equivalent girder and estimate of the stress upon the structure at 
the points of greatest strain hoth in the hollow and on the crest of wave. ' 

This includes all the practical design work. During the progress of this work oc- 
casional lectures are given in methods of designing and comparing data from actual 
ships given. During the last year a course of lectures is given in stahility and the 
oscillations of ships. These lectures may he included under the heads of statical sta- 
bility, dynamical stability, and oscillations. The first includes: 

General theorem of Dnpin and application to ships. 

Metacentric methods of estimating the initial stability of ships, metacentric heights 
for various classes of ships, with results as to amount of stiffness desirable. 

Applications of metacentric method, including experimentsto determine the center of 
f^ravity of ships, variations of stability due to additions or removal of weights. Es- 
timates for change of trim due to shifting weights or adding or removing weights; 
efQciency of water-tight subdivision in preserving the stability when compartments 
are bilged. Stability of ships aground and partially waterbome, &c. 

Stability at finite angles of inclination, with details of various methods by Attwood, 
Reed, and Barnes. Construction of curves and examples of form of such curves for 
typical ships. InfloeDce of draught, freeboard, beam and vertical position of center 
of gravis upon stability. 

The second may be said to include Mosoley's formula and other expressions of 
dynamical stability by direct calculation or from curves. Connection of dynamical 
stability with safety of ships when struck by sudden gusts of wind. Review of dy- 
namical stability. 

The third includes unresisted rolling in still water, with effect of resistance; ex- 
periment of still- water rolling. Construction of curves of extinction and their qual- 
ities. Oscillations among waves, with Fronde's latest experiments. Deductions from 
theory of rolling and observations of particular ships, pitching, heaving, yavring.' 

This departmtnt is under Mr. William E. Smith, assistant constructor of the con- 
troller of the admiralty, and his assistant, Mr. Cotwell. These instructors are always 
present at all the practical work and ready to give instruction, information, or answer 
questions. Mr. Smith gives all the necessary lectures on the professional subjects, 
including those of stability, oscillations, &c. 

Each year there is a course of five lectures in practical ship-building, practical en- 
^neering, and some general theoretical subject, such as steering of ships, stability^ 
Ac. These lectures are not special, but are given to all the ofiScers at the college, 
and so are not so important to the students in naval architecture, though they are 
required to attend them. 

Professional certificates are given to graduates at the end of three years showing 
their proficiency in the subjects of the course as determined by the examinations. 
There are three grades of professional certificates— first, second, and third ; the first 
requires 75 per cent, of the aggregate marks ; the second, at least 50 per cent, in the 
practical subjects and 50 per cent, in the theoretical subjects; and the third, 50 per 
oent. of the aggregate marks, but not 50 per cent, in both groups. The examinations 
inclnde about twenty papers in all, and three hours are allowed for each examination* 
All examinations are set by professors not connected with the college ; those in math- 
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ematicB and mechanics being uaaally under the charge of a Cambridge profter^r 
those in architecture, practical calculation, Ac, under Director of Naval Constmc' 
tion Barnaby. Each student has assigned to him an index number, which he iibb» u. 
all examinations instead of his name. 

Two sets of examination papers are given at the annual examination for the sti 
dents of the first year, and marked A2, and one for the third-year, or graduating .ft* 
dents, marked A. The second-year students take the papers made out for the ^^'i 
nates, although they have not finished all the work included in the papers. 

The following is a list of the subjects and the marks assigned to each: 

Practical group. ^^-^ . 

Physics (two papers) 4'» 

Practical physics 17:i 

Chemistry (two papers) 4'| 

Practical chemistry 17^ 

Heat, steam, and combustion ;v| 

Steam and steam engine oil 

Strength of materials b*\ 

Practical ship-building m*I 

Ship design and calculation ^^\ 

Design of ship :»^ 

Aggregate of practical group , 4,611 

Theoretical group. 

Pure mathematics (two papers) l,l'\ 

Applied mathematics (two papers) 1,5^ 

Applied mechanics (two papers) y.l 

Stability and oscillations 7:J 

Propulsion and resistance of ships and theory of waves Ti 

Aggregate of theoretical group : 5,4i 

Total aggregate 10, ^••l 

In order that the foregoing may be compared with the system porsnd 
in France, I add a short description of the coarse for naval arckitecti 
in the £cole Polytechnique. 

THE FRENCH SCHOOL OP NAVAL ARCHrTECTCJRB. 

The course of French Governuient students of naval architectuce occapiea four yeari 
The first two are spent at the l^cole Polytechnique, where all French Govemment t^ 
glneers receive their theoretical education; and the last two years at the School { 
Application of Marine Engiueers. The latter course is divided into two parts of a >>J 
each : The first year being devoted to designiug marine engines, and the last to si 
design and calculation. 

Free students, **fetives libres," are allowed to attend the course of instruction 
the School of Application, and on entering the school are required to pass an es.^ 
nation. This covers part of the course of instruction in the same branches at tj 
iScole Polytechnique, but it represents the knowledge a student absolutely reqoirc«i i 
the School of Application. In regard to the work of the Gk)vernment students dnii^ 
vacation, the first two summers are spent on leave at their homes; the last two « 
spent at the dock-yards. 

For the last two years foreign stodents have been allowed t<o work in the Govt r 
ment dock- yards, under the same conditions as French students, during their atteL 
ance at the School of Application. The only serious disadvantage that foreign studcr 
are under is that all their ship and engine designing is done at their homes and not 
the drawing-rooms. Their work, however, is corrected by the instructors, but cam 
under the rules, be as beneficial as the system adopted in the British dock-vards. 



IRON AND STEEL WORKS, STEEL CASTINGS, AND 

ARMOR-PLATES 



The manufacture of. iron and steel is so closely related to modern 
naval architecture that, without diverting seriously from the primary 
objects of my tour, I felt it important to visit such works as were con- 
venient to my several centers of observation and were of sufficient 
note to warrant time spent in their inspection. 

The Steel Company of Scotland is one of the largest establishments, 
and has two distinct works : those at Blochearn, in Glasgow, and those 
at Newton, in close proximity to that city, feoth are great in their 
area and plant. The Blochearn works are the more recent and are ex- 
cellently equipped for turning out vast quantities of Siemens steel, 
principally in the shape of plates. The origin of the company dates 
from the first manufacture of Siemens steel commercially, as the works 
were started immediatelv after the successful trials of the furnaces con- 
structed by Rowan, of Glasgow, for the Tharsis Copper Company. 

In 18G8 the Landore Siemens Steel Company, limited, was formed, 
and may be regarded as the representative concern of England and 
Wales. From a recent publication I abstract the following description . 

The LaDdore-SiemeoB Steel Company possesses two distiDct works, known as the 
*'old" and "new works," respectively. The former occupy aboat 5^ acres, three 
acres of which are covered by baildings. The new works are much more extensive. 
They are on the banks of the River Tawy, an oraoge-colored stream, which is navi- 
gable for small craft as far as the works. The latter covers an area of 94 acres, 9 
acres of which are covered with mills and shops, and are intersected by about 7 miles 
of railway lines. When in full work a bout 1,500 men are employed. The company 
are at present busy with a number of important contracts, and the works were in 
pretty general operation on the occasion of my visit. The Landore oflSces of the 
company are in a block of buildings at the old works, and after this date, I am in- 
ibmied, the clerical and commercial departments, hitherto carried on at No. 3 West- 
minster Chambers, will be transferred to Landore. 

Havins made the acquaintance of Mr. F. J. Carrnlla, the courteous general man- 
ager of the company, I was first conducted over the new works, which, as already 
stated, are the more important of the two. In the melting-house, which is a most 
adequately-equipped building, the fuel, in the shape of gas, is produced in a series of 
g»s producers, which are situated in close proximity to the melting-furnaces. The gas 
IS made in the ordinaiy method from the best bituminous slack, and is conducted to 
the lines of melting-furnaces situated opposite the gas producers, and also to all 
otber parts of the works, by means of large pipes. There are sixteen 8i-ton Siemens 
open-hearth furnaces in this 4<^partment, and these are capable of turning out 1,500 
tons of steel ingots per week. In the course of manufacturing the steel each furnace 
is charged with about ^i tons of pig-iron and scrap, of which the pig is supplied from 
tlie company's own furnaces and from Cumberland. In the case of the company's 
S. 8. brand, Swedish pig iron, mixed with other qualities, is used. The furnace being 
oliATged and heated tiie metal becomes melted and at a good heat in from four to five 
boors* time. At this stage iron ore, broken in pieces about the size of ordinary road 
metal, is thrown in, from 25 to 30 cwt. being the usual proportion for an 8-ton 
cliarge. When introduced the iron-ore has the efifect of making the molten metal 
l>oil violently, with the result that the latter becomes decarbonized and is left in the 
oondition of almost pur* iron. Successive additions of ore are made at intervals. 
i;V^lien the iron has become nearly soft enough it is allowed to stand for a time, so that 
tlie iron may work well out of the slag, to assist which operation a small quantity of 
brol^en limestone is added periodically. 

T'he proper degree of softness having been obtained, certain proportions of ferro- 
znaziganeee and Spiegel are added, the quantity introduced determining the quality of 
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the steel. When these last-named ingredients have been incorporated with the metal, 
* the fnmace is tapped, and the uiolten steel allowed to run into the ladles, and thence 
into ingot molds, which lie in the pit of the melting shop in convenient proximity 
to each fnrnace. Of the metal contained in the ore fed into the furnaces, about one- 
half passes into the steel; so that, as the carbon and silicon present in the iron 
amounts to 8 per cent., the yield of ingots and scrap together is within abont 1 per 
cent, of the pig-iron and spiegel put in. I may mention here that after the fluid bath 
of metal is reduced to the lowest point of carbonization, the heat of the furnace may 
be maintained in such a state for a sufficient time to allow of samples to be taken on 
and tested. This is one of the special advantages of the Sfemens process; for addi- 
tions of either pig oi scrap may be made to the bath to bring it to the desired quality. 
This having been determined, the requisite proportions of ferro-manganese and spie- 
geleisen may be added in a solid condition, and the result is a bath of fluid metal of 
whose chemical condition the exact character is known. The spiegeleisen and ferro- 
manganese naturally improve the character of the steel, the latter not merely acting, 
as was at one time supposed, aa a purifying agent, but bein^ calculated to counter- 
act the influence of impurities. The melting shop is conveniently arranged, having 
on each side a longitudinal series of producers, oppoBite which, and running parallel 
to them, are the steel furnaces. The pit runs the entire length of the center of the 
shop, and is traversed longitudinally by a crane running on rails. The ingota are 
hoisted out of the pit by means of the cranes, which command the entire building. 
The shafting which works the cranes is square, except, of course,, at the bearings. 
The latter are supported on tumbler brackets, which tJall forward to allow the crane 
to pass over. 

On the way from the melting-shop to the hammer department I noticed one of Sie- 
menses rotatiuf^ furnaces, by the employment of which iron blooms are mannfactared 
from the ore direct, instead of intermediate pig-iron. The product is verv pure, and 
is melted up into steel in the melting-furnaces after a similar fashion to that already 
described. The hammer-shop and the mills are situated at some little distance from 
and on a higher level than the melting-houses. The ingots of st«el, placed upon the 
tra cks in the melting-shop, are taken to the hammer-shop. The ingots are here sub- 
mitted to the hammers, of which there are six, five being 8-ton hammers, and one 
being of 5 tons, all of Thwaite <& Curbutt's make, and are converted into variously- 
shaped billets and blooms. In this department there are several series of heatinf;- 
furnaces for heating ingots before they go to the hammer, and the blooms and billets 
preparatory to their goin^ to the rolling-mills. The fires, like the furnaces, are heated 
by gas ; in fact, everything requiring heat is heated by gas, excepting the engine- 
boi&rs, which are fueled with coal. 

The mill department is eci nipped in a very complete manner. It contains one 28-inch 
mill, with 7-foot 6-inch rolls, and a 24-inch merchant mill for large bulb tees, angles, 
and tin-plate bars. These are driven by a pair of Ramsbottom's reversing milT-en- 
gines, with cylinders 34 inches in diameter and 4-foot stroke. There is also a Webb*s 
patent tyre- mill, driven by a pair of vertical engines, 30- inch cylinders and 3- foot 
stroke; also a 16-inch bar-mill for light bars, angles, and tin bars, and a lO-inch wire- 
mill for wire rods. The two last-named mills are driven by a pair of tertical 8t<eam 
engines with 30-inch cylinders and 3-foot stroke. The blooms are taken from the heat- 
ing-fnmaces in a condition of a high heat, placed on trollies, and conveyed to the 
roils, where they are gripped and compressed, being drawn back again by the revers- 
ing action of the mills. 

My attention was directed before leaving the mill department to several powerful 
machine tools, including a planing machine and a cross-cutting machine for use in 
planing and cross-cutting the edges of armor derk-platee and cutting them into len^hs. 
From this department I was conducted to the rivet-shop, where a double-headed rivet- 
machine, made by Messrs. Marr & Tagell, of Birmingham, was busy producing boiler 
and ship rivets. Small Inrnaces heated by coal are also situated in this shop, and are 
used for heating the round bars of steel preparatory to their being introduced to the 
rivet-making machine, which speedily cuts them and transforms the cut. portions into 
accurately-formed rivets. In this shop are also some examples of the old-faahioned 
type of rivet-making machines, worked by the combined and somewhat herculean 
exertions of a man and a boy. The rivet department turns out an average of 60 tons 
of rivets per week. The Marr & Tagell rivet-machine is driven by a horizontal eng:ine 
which works in a comer of the shop. Just outside of this department I noticed a 
number of bolts, some 24 and others 32 feet long, which formed part of the contract 
which the company have on hand for the new Forth bridge. 

On leaving this department I was shown the brick works of the company, and the 
iron foundry, pattern and wagon shops. The company are thus as nearly as possible 
self-sustained. Adjoining Is tne extensive blast-furnace department, the property of 
the Landore-Siemens Company, but worked by the Swansea Blast Furnace Company. 
This branch contains two blast furnaces, oneof th^pi 66 feet high and 19 feet bosb, and 
the other 54 feet high and 18 feet bosh. The blast for both is heated by four Cow- 
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per-Siemeos hot-blast stoyes, and the two blast eDgines employed were made by 
Kitson, of Leeds. They have blowing cylinders 100 inches in diameter and steam 
cylinders 40 inches in diameter. The weekly supply of the two furnaces is about 900 
tons. 

The old works of the Landore-Siemens Company were next visited. They are 
mainly deyoted to the production of steel boiler and ship plates. In the melting de- 
partment there are eight open-hearth steel-melting furnaces of from 9 to 12 tons ca- 
pacity, and two more of larger size are at present under construction. In the ham- 
mer department there are two 8-ton hammers and two forging iM^mmers, one of 30 
owt. and the other of 12 cwt., for making all kinds of steel forgings. In the mill there 
are of course the usual series of heating-furnaces and one 28-inch plate-mill, with 7-foot 
6-inch rolls, driven by a pair of Ramsbottom's reversing mill-engines, with 30-inch 
cylinders and 4 feet stroke. Here also are several shearing-machines for cutting 
plates and other necessary machine tools. The various departments are, as at the 
new works, replete with lifting and transporting arrangements, and the processes are 
in the main practically the same as at the new works, and need not be recapitulated. 

The testing-machine house was next visited. Here is a most ingenious and mathe- 
matically accurate machine, by Buckton, of Leeds, for testing the strain-resisting 
capacities of the steel manufactured. The process is an extremely gradual one and 
of great nicety, and the results of the testing operation performed during my stay 
averaged so nearly the same as to convince one of the marvelously uniform character 
of the Siemens steel. The steel foundry is well arranged. The steel used is melted 
in Siemens's furnaces, and the products of the foundry include worm-wheels, gears, 
flteam hammer tups, and the like. 

The price of Siemeus steel has of course been affected by the general 
depression of business. It may be interesting, however, to state that dur- 
ing my stay in England the Admiralty placed contracts for material 
for the hulls of the ships of the Mersey class, in amounts of 1,200 tons, 
at £1 6«. and at £1 lis. 6(2., delivered at Pembroke and Devonport, re- 
spectively. 

The use of steel castings has lately increased so in the United States 
that it may be proper only to briefly notice their application abroad. 
Very excellent cast stems and stern-posts were seen in Glasgow. Eud- 
der frames and other complicated pieces have been produced of a supe- 
rior quality ; while the small fittings about a ship to which steel has 
been applied are very numerous. Several firms now make a specialty 
of steel castings ; among these the Messrs. Hadfield, of Sheffield, have 
acquired a great reputation. Their establishment, known as the Hecla 
Foundry, is devoted exclusively to this branch of manufacture ; and their ' 
patent steel, which derives its properties mainly from a large percent- 
age of manganese which it contains, is in demand for a great variety of 
of details, including gear-wheels, sheaves, colliery wheels, hammer- tups, 
hydraulic presses, crank-shafts, couplings, wrenches, &c. This patent 
steel contains from 7 to 20 per cent, of manganese, and manifests a wide 
raDge of properties, according to the proportion of manganese present. 
It forms castings of unusual soundness. At the last general meeting of 
the Institution of Mechanical Engineers samples were exhibited, among 
Tvhich was a test bar, 12 per cent, manganese, which, though hard enough 
for turqing iron, had been bent double while cold. It had a teusUe 
strength or42 tons per inch, with an elongation of 20.85 per cent. Tools 
made of this material need no hardening or tempering. The effect ot 
heating and quenching is to render it softer. This foundry has capac- 
ity for making castings up to 16,000 pounds weight. 

While in Sheffield I visited the large armor-plate mills of Sir John 
Srown & Co., limited, and Charles Cammell & Co., limited. In the flrst- 
mentioned establishment, after' observing the Bessemer and hearth pro- 
cesses in detail, I had the pleasure of seeing the manufacture of a plate 
on the Ellis system. The steel and iron plates having been riveted to 
^ether, with an interstice of about 2 inches, a frame of bar-iron hav- 
ing been inserted between them to maintain this amount of separation 



DOCKS. 



As a subject of interest to the naval architect, although not immedi- 
ately connected with his profession, the numerous docks met with in 
Europe seem to call for some remarks. Graving-docks have naturally 
the stronger claim tx) the attention of the constructor; but the large 
basins, with which graving-docks are often associated, which accommo- 
date the shipping of such ports as Loudon, Liverpool, and Glasgow, 
must have interest for all who are connected with maritime pursuits. 

The great rise and fall of the tides about the British Isles has brought 
into use a system of docks for the loading and unloading of vessels, 
the necessity of which is not immediately understood by those wUo have 
been accustomed all their lives to see vessels discharging and taking in 
cargoes at the wharves in American rivers and bays. That the inappli- 
cability of our practice to foreign requirements may be fully perceived 
it need only be stated that the rise and fall of the Thames at London 
Bridge, the head of navigation for sea-borne commerce, is 19 feet ; while 
in Liverpool the variation between high and low water is much greater. 
II^The commerce of Loudon and that of Liverpool are nearly of equal 
magnitude ; and the docks of both cities are wonderful networks of 
basins, which might well engage a more extensive notice than is here 
contemplated. The docks of Liverpool, taken collectively, are more 
modern than those of Londou; and the warehouse accommodation re- 
quired by the trade of the port is vast, and would take up many pages 
of description. There are also exteusive docks on the opposite side of 
the river at Birkenhead. There are twenty eight docks controlled by 
the Mersey Docks and Harbor Board. The principal are, commencing 
at the north, the North and 8outh Carriers, iheOanada, the Uuskissou, 
Sandon, Wellington, Bramley- Moore, Nelson, Salisbury, Collingwood, 
Stanley, Clarence, Trafalgar, Victoria, Waterloo, Princes, Georges, Can- 
ning, Albert, Salthouse, King's, Wapping, Queen's, Coburg, Brunswick, 
Toxteth, Harrington, and Herculaneum. These vast works were begun 
about a century and a half ago. The great development has, of course, 
been within the present century. The combined dock estates of Liver- 
pool and Birkenhead now comprise 421 acres of water area, and the 
quay line measures 18 miles in Liverpool and 9 miles in Birkenhead: 
27 miles in all. Amidst these basins are numerous graving-docks ; their 
total bottom length is nearly 15,000 feet. 

The abundance and excellence of Portland cement has caused the 
later docks to be built largely of concrete, and the work throughout 
bears evidence of the most substantial construction. The new Alex- 
andra docks, recently opened, are particularly well built. The Langton 
Graving-Docks, also new, are two parallel docks 951 feet in length. 
They can be divided by gates in the middle, thus making four docks. 
Cast-iron keel blocks are used, and constitute one of the peculiarities 
of European practice. They are made wedge shaped and adjustable, 
and are capped with wood. No bilge blocks are employed, wale shores 
being mainly relied upon for keeping the vessel upright. The gates are 
of wood, and are of the swinging type. The bottom of these docks is 
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crowned and tbe drainage is to the side. A large hydraulic crane is 
to be placed between the docks, and work was progressing upon its 
foundation. 

The uccompanying sketch will give an idea of the docks in the imme- 
diate vicinity of London. The dry -docks of the Thames are very numer- 
ous, and of every size, from 140 feet in length on the blocks to 520 feet 
A number of them are built of wood, and wooden gates are common, 
but the principal docks are of masonry or concrete. 

The most extensive docks of the Thames are those now in process of 
construction at Tilbury, opposite Gravesend, about fifteen miles below 
London. I insert a plan of this great improvement, which is being car- 
ried out by the East and West India Dock Company under the direction 
of Messrs. Manning and Baines, civil engineers. Ground was broken 
in July, 1882, and a vast amount of excavation has been already accom- 
plished and much masonry is in i)lace. 

The Tilbury <iocks will comprise a tidal basin, the entrance to which 
will be 100 yards in width. The entrance to the main basin will be 
through a lock 80 feet in width. The walls are of concrete, faced below 
water with stock, brick and above with blue brick. The quoins and sills 
are of Cornish granite. The gates of this large lock, which are being 
made by Clayton & Co., of Preston, are of iron plates. The motive 
power for oi)eniiig and closing the lock will be obtained through 
hydiaulic mechanism furnished by Sir William Armstrong & Co. Hy- 
draulic cranes will be arranged to travel ahnig the sides of the quays, 
and are being made by Walker & Co., of Leeds. Four large graving- 
docks form an important feature of the works. Their walls are of con- 
crete faced with brick, the altars being capped with York stone. Tim- 
ber coping will run around the dock for facility of introducing eyebolts 
wherever they nuiy be desired. The floors will be covered with pitch 
pine. 

The graving docks may be filleii with water from the tidal basin or 
from the main dock throufih culverts. The pumping will be done by 
centrifugal pnmi)s arranged one to each dock, but so constructed that 
any pump can lift from any dock. The pumps are very large ; two Lave 
sections 7 feet in diameter each, and the other two are G feet. Pump- 
ing will often be economized in the foHowing way: Suppose a vessel in 
No. 1 dock wishes to go out while a vessel lies in No. 4 waiting to be 
docked. The water in No. 4 will be let out as far as the state of the 
tide permits, and much of the remaining water will be transferred to 
No. 1 by a system of leveling culverts connecting all the docks; the 
moderate amount ot water remaining will then be pumped out. 

Both the large and small docks m ill have three caissons each. There 
will be three stops for the center caisson, to suit the varying length of 
vessels being docked. These caissons are of the boat type. The plan 
shows the warehouses and sheds extending down each pier. Three 
pairs of compound engines, of Armstrong's make, situated at the north 
end of the docks, furnish the water to the cranes and various hydraulic 
appliances. The hydraulic mains make a circuit of the dock walls. 

The total area of the outer or tidal basin is 19| acres. It contains 26 
feet of water at low tide and 46 at high water. The main basin, exclu- 
sive of the branch docks and the coaling dock, has nearly 23 acres and 
has a depth of 38 feet. The three branch docks contain 9^, 9|, and 11 
acres. These figures sufficiently illustrate the magnitude of the work. 

The city of Glasgow has a large dock accommodation. Greenock is 
receiving an extensive improvement of the same sort in the Janie« Watt 
docks, upon which much progress has been made. Much interest at- 



46 



\ 




47 



Station* 

^^-**^* NDON. 

itotuis - - 



Hms.M.j:A9] 



EUROPEAN DOCK-TARDS. 89 

taches to the sliding caissons invented by Mr. Kinniple, the engineer of 
the new Greenock docks, as his method certainly simplifies the working 
of the caisson. In this invention the caisson is a large box or tank, 
which may be filled with or emptied of water, and runs on rollers across 
the entrance of the dock. When withdrawn it passes into a pocket in 
the masonry. It may be operated by steam or hydraulic power. In 
the moderate winter climate of Great Britain it works excellently, but 
it seems probable that in waters choked by floating ice its performance 
might be less satisfactory. 

In London, I had the pleasure of inspecting the machinery constructed 
by Mr. Allen for pumping the large dock recently built at St. John's, 
Newfoundland, by Mr. J. E. Simpson, of New York, whose dry-docks 
have met with great approval from the civil engineers and constructors 
of the United States Navy, and which have a great advantage over the 
graving-docks of Europe in cost, light, and accessibility. 

There are two centrifugal pumps, having 36-inch suctions, driven di- 
rectly by two horizontal engines, 21 inches in diameter and 22 inches 
stroke. They are intended to run at 170 revolutions with 80 pounds 
pressure. The combined capacity of the pumps is 6,400,000 imperial 
gallons in 2 J hours. It may be interesting to state that the total length 
of this dock, from the outer sill to the inside of the coping at the head 
of the dock, is 610 feet 10 Inches; the breadth across the top is 132 feet 
6 inches; the breadth across the bottom is 49 feet 10 inches; the depth 
of water over the sill at spriug tides is 25 feet. 

Wooden docks cost from 30 to 50 per cent, less than those of stone; 
and in climates where they are exposed to severe frosts are much cheaper 
in maintenance; extensive repairs are not required within the first twenty 
years. 



CONCLUSION. 



The improvements in modern naval architectare are very extensive 
from any point we may view them; but in no particular are they more 
interesting tha^ in their great variety. 

Ships have not only grown in size, structural strength, complexity of 
detail, and powers of resistance; but a multitude of other particulars, 
each having a distinct offensive and defensive value, have come into 
existence in the course of the last quarter of a century. 

For many years our ships of war were classed and rated in accordance 
with the number of guns they carried, and were sometimes spoken of 
as ships of three decks, and of two decks, frigates, sloops, brigs, &c. 
The mention of any of these descriptions gave a good idea of the powers 
of the vessel. 

Nevertheless the gun classification was, without doubt, the most in- 
telligible; and to speak of a ship carrying 80 guns was equivalent to 
saying that in fighting power she was superior to a 74. 

The weight of a broadside was evidently an illustration of the offensive 
capabilities, and many times the variable and undefluable qualities ex- 
isting in ships consisted in the bravery and seamanship of the officers 
and crew. 

Sailing qualities were of great value, especially in frigates; but it is 
also true that while some ships were of better model than others, it 
was often proven that the speed and maneuvering qualities of a ship 
depended many times upon her commanding officer. 

Beside the gun scale of classification, that of tonnage was for many 
years very generally adopted in describing the smaller class of vessels ; 
but since the introduction of steam machinery into our ^avy the dis- 
placement at the load draught of water is generally used. 

Now if a modern ship of war were at all like her predecessors of fifty 
years ago, the displacement would be as good a criterion as could be 
provided to those wishing to be informed regarding her comparative 
fighting strength. In those days if a naval constructor commenced 
with specified dimensions, he would produce, so far as fighting efficiency 
is concerned, very nearly the same ship as any other naval constructor. 
The two vessels would probably carry the same number of guns of 
the same size, carry the same crew, and have the same area of sail. 
Whatever differences existed would be found in the form of hull below 
water and in the smaller details of construction. In comparison with 
this consider the corresponding circumstances of the present time. 

Recently there has been a great controversy between the leading con- 
structors of Europe as to the best manner to utilize 10,000 tons of dis- 
placement. In France the naval constructors consider one quality, viz, 
water-line protection, superior to all others ; while at the Italian Ad- 
miralty that quality occupies a very subordinate position in the estima- 
tion of the constructors. Director of Construction Barnaby, of the Eng- 
lish Admiralty, takes a mean position between France and Italy ; while 
8ir Edward Keed is inclined to go further in that direction than France. 
This is, however, only one element which has to be taken in account in 
naval designs. 

The following are some of the principal considerations in war-ship de- 
signs : Speed, armor, guns, ammunition, coal endurance, officers and 
crew, lightness of draught, torpedoes, torpedo-boats, maneuvering power, 
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mode of propulsion, ramming, sea-worthiness, sailing power, en^'ne 
economy, &c. In addition to all these requirements the naval con 
structor has to build a strong structure, capable of carrying all the 
weights to be put on board, and to do so on the smallest XK>8sible scant- 
lings, in order that his available displacement for guns, arms, &c., may 
be as great as possible. He has to subdivide his ship into compart- 
ments and provide for her safety in every possible manner. Commen- 
cing, then, with a given displacement of 8,000 tons, it becomes with him 
a question of the first importance what he shall do witti it. 

Shall he carry so much armor as to leave but little buoyancy for ear 
rying machinery and coal! Shall he protect his water-line wholly, par 
tially, or at all with vertical armor? 

How far shall he use horizontal submerged armor in order to secure 
buoyancy when the ship is penetrated I How shall the guns be mounted ! 
What shall be her coal capacity ? It is certain that all cannot be ol»- 
tained that is wanted. Here is where the diflTerences of opinion art 
sure to arise. 

One officer sets a high value on one quality, and another officer upoii 
something else. The result is that at the present time there are nearly 
as many t.vi)es as there are ironclads afloat. If the structure were oc 
the land the case would be simple, but as it has to float a compromise 
must be effected. 

Even so-called sister ships differ in some particulars, and each is con 
sidered superior by somebody. It is in regard to the results of th.^ 
continual effort to arrive at the ship of the future that we are chietly 
concerned; and we seem so far from having reached a definite result. 
that some unreasonable people have argued against building any sbip> 
at all until some fixed status is attained. Every naval constructor of 
eminence is responsible for a variety of approximations to the idea! 
ship; and some of them have produced two or three widely diffVreni 
designs in the course of a year. The process of reaching perfection i? 
an experimental one, and is accompanied by many mistakes. 

The lack of important naval battles in recent years stands in marktVi 
contrast to the desperate efforts of European powers to equip extraor- 
dinary vessels, designed to combine the invulnerable and the irresista 
ble; and to the rarity of great sea fights may be indirectly attributeii 
the superabundance of types ; fpr we cannot but believe that a war oi 
moderate duration, between first-class naval powers, would speedily 
settle such vexed questions as the utility of the wholly armored water 
line versus the citadel ship, and would fix irrevocably the status of sucL 
craft as the Esmeralda and the Giovanni Bausan. Such a war would 
doubtless demonstrate that the elaborate schemes of fleet tactics which 
have been the theme of many essays by naval officers have been chiedy 
valuable as a mental exercise; and that, although much important 
may attach to a skilltiil disposition of forces in the beginning of an en- 
gagement, yet, in view of the rapidity with which vessels would be dis- 
abled by the tremendous means of oli'ense antagonized, and the inabil- 
ity to see or obey signals amid the confusion and obstructing smoke, it 
is evident that such an engagement must presently become a pell-meL 
scrimmage. 

Such a war, or one such battle, would prove, what has long been the 
apprehension of intelligent officers, that the warship of our day has be- 
come far too complicated for the people who may be called upon to work 
her ; and that a balance of advantage, unsuspected by many, rests with 
that vessel which has comparative simplicity, even though it be con- 
comitant with a greater apparent exposure of life, a lower speed, and 
reduced powers of offense. 
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Dmitri Donskoi, Rusaian armored frigate 26 

Dock gates, Mr. Kinnipple's 89 

Docks : 
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at St. John's, Newfoundland 89 

at St. John's, Newfoundland, punyps for 89 

at Tilbury 88 

building in 49 

Drainage 36 

Dreadnaught, Her Majesty's turret ship 20 

Drilling machines 46 

Dnbardieu, French cruiser 32 

Edinburgh, Her Majesty's turret ship 15 

Elder's ship-yard, Glasgow 58 

Electric lights 36 

Electric lights, advantages of 37 

Esmeralda, Chilian protected cruiser 56 

fitoile, French composite ship 29 

Etruria, Cunard steamship , 59 

Fire mains 36 

Formidable, French armor-clad 28 

Forth, Her Majesty's protected cruiser 11 

France, national dock-yards 47 

Fulminant, French turret ship 33 

Furieux, French turret ship 32 

Fus^, French armored gunboat 29 

Germany, national dock-yards 23 

Giovanni Bausan, Italian protected cruiser 54 

Glasgow, docks of 88 

Great Britain, national dock-yards 9 

Greenock^ docks of 88 
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Ground-tackle 36 

Hadfield's steel foundry, SheflBeld 83 

Harland and Wolff's shipyard, Belfast 65 

Haslar, torpedo boat depot 20 

Hecla, torpedo transport •. 20 

Hero, Her Majesty's turret ship 21 

Hoche, French armor-clad 28 

Hohenzollorn, German Imperial yacht 23 

Howe, Her Majesty's barbette ship 10 

Hydraulic appliances 47 

Hydraulic cranes 47 

Hydraulic hoisting machines 47 

Hydraulic punches 46 

Hydraulic riveting 47 

Icarus^ Her Majesty's composite sloop 12 

Imp6rieuse, Her Majesty's ship 16 

Inconstant, Her Majesty's ship 14 
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Inflexible, Her Majesty's turret ship 36 

Instructions from chief constructor 1 6 

Iron and steel works 81 

Keyham, dock-yard 11 

Kiel, dock-yard 23 

Landore-Siemens Steel Company 81 

Langton graving-docks 87 

Launching ways 49 

Leander, Her Majesty's protected cruiser , 21 

Letter of transmittal 7 

London, docks of ' 88 

Lorient, dock-yard 28 

Management of work and employes • 67 
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Bdanganeae bronze 59 

liariner. Her Migesty's composite sloop 12 

Martin anchor 36 

MLercory, Her Majesty's dispatch vessel 20 

Mersey, Her Majesty's protected cruiser , 21 

Mould lofts -, 44 

Multiple punches 45 

Naniwa Kan, Japanese protected cruiser 55 

National dock-yards: 

Great Britain 9 

France 27 

Germany 23 
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Naval constructors, promotion of 72 
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Naval education 75 
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Neptune, French armor-clad 30 

Order of Secretary of Navy 5 
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Pembroke dock-yard 9 

Phaeton, Her Majesty's protected cruiser 21 
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Portsmouth dock-yard 14 
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British 51 

Government work in 51. 
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Punches, multiple 45 
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Racer, Her Majesty's composite sloop 12 

Regulations of the Royal Corps of Naval Constructors 72 
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ground tackle 54 

Rodney, Her Majesty's barbette ship * 21 

Royalist, Her Majesty's composite corvette 13 

Rules for management of employ^ 68 
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Russia dock-yards 24 
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Rynda, Russian corvette 25 

Samnda Bros.' ship-yard 51 

Scout, Her Majesty's torpedo cruiser 61 

Scrieve board 44 

Severn, Her Majesty's protected cruiser 21 
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Sheemess dock-yard 22 

Sheers 48 

Ship-building on the Tyne 58 

Ship-buildirg ports 51 

Ship-yard appliances and tools 44 

Sinope, Russian barbette ship , 27 

Sir John Brown ^b^ Co., Sheffield 83 

Steel castings 83 

Steel Company of Scotland 81 

Steel, prices of. 58-83 

Steel rivets 58 
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St Petenbnrg dock-yards 24 

Surprise, Her Majesty's dispatch vessel 5T 
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TamaTfHer Majesty's troop ship .. • 13 

Tcheame, Rassian barbette ship .... 2T 

Tempdte, French armor-clad 31 
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Thompson's ship-yard, Clydebank 6(< 
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Tilbury docks s^ 

Time-keeping t' 

Ting Ynen, Chinese barbette ship 23 

Tonnerre, French turret ship 33 
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armored 45 

development of 3? 

electric 42 
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To^>edoe8 43 
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Ventilation 34 
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